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(57) Abstract: An apparatus for delivering a closure element into an opening formed in a blood vessel or other body lumen and 
methods for manufacturing and using same. The apparatus is configured to retain the closure element such that the closure element is 
disposed substantially within the apparatus. The apparatus also can engage, and position the closure element substantially adjacent 
to, the blood vessel wall adjacent to the opening. During deployment of the closure element, the apparatus expands the closure 
element beyond a natural cross -section of the closure element such that the closure element, when deployed, is configured to engage 
a significant amount of the blood vessel wall and/or tissue. The closure element is further configured to return to the natural cross- 
section, thereby drawing the engaged blood vessel wall and/or tissue substantially closed and/or sealed, such that hemostasis within 
the opening is enhanced. 
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CLIP APPLIER AND METHODS Oi^ USE * 
FIELD OF THE INVENTION 

The present invention relates generally to apparatus and methods for closing and/or 
sealing openings through tissue, and more particularly to apparatus and methods for delivering 
a closure element for closing a puncture in a blood vessel or other body lumen formed during a 
diagnostic or therapeutic procedure 

BACKGROUND OF THE INVENTION 

Catheterization and interventional procedures, such as angioplasty or stenting, 
generally are performed by inserting a hollow needle through a patient's skin and tissue into 
the vascular system. A guide wire may be advanced through the needle and into the patient's 
blood vessel accessed by the needle. The needle then is removed, enabling an introducer 
sheath to be advanced over the guide wire into the vessel, e.g., in conjunction with or 
subsequent to a dilator. A catheter or other device may then be advanced through a lumen of 
the introducer sheath and over the guide wire into a position for performing a medical 
procedure. Thus, the introducer sheath may facilitate introducing various devices into the 
vessel, while minimizing trauma to the vessel wall and/or minimizing blood loss during a 
procedure. 

Upon completing the procedure, the devices and introducer sheath may be removed, 
leaving a puncture site in the vessel wall. External pressure may be applied to the puncture site 
until clotting and wound sealing occur. This procedure, however, may be time consuming and 
expensive, requiring as much as an hour of a physician's or nurse's time. It is also 
uncomfortable for the patient, and requires that the patient remain immobilized in the operating 
room, catheter lab, or holding area, hi addition, a risk of hematoma exists from bleeding 
before hemostasis occiu-s. 

Various apparatus have been suggested for percutaneous^ sealing a vascular puncture 
by occluding the puncture site. For example, U.S. Patent Nos. 5,192,302 and 5,222,974, issued 
to Kensey et aL, describe the use of a biodegradable plug that may be delivered through an 
introducer sheath into a puncture site. Another technique has been suggested that involves 
percutaneously suturing the puncture site, such as that disclosed in U.S. Patent No. 5,304,184, 
issued to Hathaway et al. 

To facilitate positioning devices that are percutaneously inserted into a blood vessel, 
"bleed back" indicators have been suggested. For example, U.S. Patent No. 5,676,974, issued 
to Kensey et al., discloses a bleed back lumen intended to facilitate positioning of a 
biodegradable plug within a puncture site. This device, however, requires that an anchor of the 
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plug be positioned within the vessel, and theretbre, may increase the nSK ot over-aavancement 
of the plug itself into the vessel. 

Alternatively, U.S. Patent No. 5,674,231, issued to Green et al., discloses a deployable 
loop that may be advanced through a sheath into a vessel. The loop is intended to resiUently 
expand to engage the inner wall of the vessel, thereby facilitating holding the sheath in a 
desired location with respect to the vessel. 

Accordingly, apparatus and methods for delivering a device for closing a vascular 
puncture site or other opening through tissue would be useful. 

SUMMARY OF THE INVENTION 

The present invention is directed toward an apparatus and method for delivering a 
closure element through tissue and into an opening formed in, or adjacent to, a wall of a blood 
vessel or other body limien of any size. 

The apparatus is configured to receive and retain the closure element such that the 
closure element is disposed substantially within the apparatus. Thereby, if the apparatus is 
introduced via an introducer sheath, for example, the closure element can be disposed within, 
and delivered by way of, a lumen of the introducer sheath. The apparatus also is configured to 
engage the blood vessel wall adjacent to the opening and to position the closure element 
substantially adjacent to an outer surface of the blood vessel wall adjacent to the opening. 

When properly positioned, the apparatus can be activated to distally deploy the 
closure element. During deployment, the apparatus preferably is configured to substantially 
uniformly expand the closure element beyond a natural cross-section of the closure element 
such that the closure element, when deployed, is configured to engage significant amoimt of 
the blood vessel wall 620 and/or tissue 630. Engaging the blood vessel wall and/or tissue, the 
closure element is further configured to retum to the natural cross-section. Thereby, the 
engaged blood vessel wall and/or tissue are drawn substantially closed and/or sealed, such that, 
for example, hemostasis within the opening is enlianced. 

Other aspects and features of the present invention will become apparent fi-om 
consideration of the following description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 provides a general illustration of an apparatus for closing openings formed in 
blood vessel walls in accordance with the present invention. 

Fig. 2 A illustrates one embodiment of a locator assembly for the apparatus of Fig. 1. 
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Fig. 2B illustrates one embodiment of a distal end region of the locator assembly of 
Fig. 2A when the distal end region is in an nnexpanded state. 

Fig. 2C illustrates the distal end region of the locator assembly of Fig. 2B when the 
distal end region is in an expanded state. 

Fig. 2D illustrates one embodiment of a proximal end region of the locator assembly 
of Fig. 2A. 

Fig. 3 A illustrates one embodiment of a carrier assembly for the apparatus of Fig. 1. 
Fig. 3B illustrates one embodiment of a carrier member for the carrier assembly of 

Fig. 3A. 

Fig. 3C illustrates one embodiment of a pusher member for the carrier assembly of 

Fig. 3A. 

Fig. 3D illustrates one embodiment of a cover member for the carrier assembly of Fig. 

3A. 

Fig. 3E illustrates one embodiment of a support member for the carrier assembly of 

Fig. 3A. 

Fig. 4A illustrates a cross-sectional side view of one embodiment of a triggering 
system for the carrier assembly of Fig. 3 A. 

Fig. 4B illustrates a first detailed cross-sectional side view of the triggering system of 

Fig. 4A. 

Fig. 4C illustrates a detailed view of the triggering system of Fig. 4B. 
Fig. 4D illustrates a second detailed cross-sectional side view of the triggering system 
of Fig. 4A. 

Fig. 5 A illustrates the carrier control system of Figs. 4A-D as the carrier assembly of 
Fig. 3 A moves distally firom an initial predetermined position. 

Fig. 5B illustrates the carrier control system of Figs. 4A-D as the carrier assembly of 
Fig. 3 A reaches a first predetermined position. 

Fig. 5C illustrates the carrier control system of Figs. 4A-D as the carrier assembly of 
Fig. 3 A reaches a second predetermined position. 

Fig. 6 A illustrates a top view of one embodiment of a closure element in a naturalj 
planar configuration and with a natural cross-section for use with the apparatus of Fig. 1. 

Fig. 6B illustrates a side view of the closure element of Fig. 6 A. 

Fig. 6C illustrates a top view of the closure element of Figs. 6A-B after a natural 
cross-section of the closure element has been reduced. 

Fig. 6D illustrates a side view of the reduced closure element of Fig. 6C. 
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Fig. 6E illustrates a side view of the reduced closure element o't Figs. 6U-D as the 
reduced closure element transitions from the natural, planar configuration to a tubular 
configuration. 

Fig. 6F illustrates a top view of the closure element of Figs. 6C-D upon completing 
the transition from the natural, plauar configuration to a substantially tubular configuration. 

Fig. 6G illustrates a side view of the closure element of Fig. 6F. 

Fig. 7 A illustrates the closure element of Figs. 6A-G prior to being disposed upon the 
carrier member of Fig. 3B. 

Fig. 7B illustrates the closure element of Figs. 6A-G upon being disposed upon the 
carrier member of Fig. 3B. 

Fig. 7C illustrates the closure element of Figs. 6A-G as the cover member of Fig. 3D 
receives the carrier member of Fig. 3B. 

Fig. 7D illustrates the closure element of Figs. 6A-G being retained substaatially 
within the carrier assembly of Fig. 3 A when the carrier member of Fig. 3B is disposed 
substantially within the cover member of Fig. 3D. 

Fig. 8 A illustrates a sheath that is positioned through tissue and into an opening 
formed in a wall of a blood vessel. 

Fig. 8B illustrates the apparatus of Fig. 1 as prepared to be received by the sheath of 

Fig. 8A. 

Fig. 8C illustrates a locator assembly of the apparatus of Fig. 8B being advanced 
distally into the blood vessel. 

Fig. 8D illustrates a distal end region of the locator assembly of Fig. 8C extending into 
the blood vessel and being transitioned into an expanded state. 

Fig. 8E illustrates the distal end region of Fig. 8D being retracted proximally to 
engage an inner surface of the blood vessel wall. 

Fig. 8F illustrates a carrier assembly of the apparatus of Fig. 8B being advanced 
distally into the sheath of Fig. 8 A once the distal end region of Fig. 8D has engaged the inner 
surface of the blood vessel walL 

Fig. 8G illustrates relative positions of a tube set of the carrier assembly of Fig. 8F 
upon reaching a first predetermined position. 

Fig. 8H illustrates the relative positions of the tube set of Fig. 8G upon reaching a 
second predetermined position. 

Fig. 81 illustrates a position of a pusher member of the tube set of Fig. 8H moving 
distally from the second predetermined position and begiiming to distally deploy a closure 
element. 
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Fig. 8 J illustrates the closure element of Fig. 81 upon bemg deployed and engaging 
tissue adjacent to flie opening in the blood vessel wall. 

Fig. 8K illustrates the closure element of Fig. 8 J transitioning from the substantially 
tubular configuration to the natural, planar configuration while engaging the engaged tissue. 

Fig. 8L illustrates the closure element of Fig. 8K drawing the engaged tissue 
substantially closed and/or sealed 

Fig. 9 illustrates one embodiment of an introducer sheath for the apparatus of Fig. 1. 

Fig. lOA illustrates an assembly view of the components included in an altemative 
embodiment of the apparatus for closing openings formed in blood vessel walls. 

Fig. lOB illustrates an assembly view of the components shown in Fig. lOA, showing 
the reverse view of that shown in Fig. lOA. 

Fig. 11 A illustrates the assembled carrier assembly and triggering assembly of the 
altemative embodiment of the apparatus shown in Fig. lOA. 

Fig. 1 IB illustrates a close-up view of the proximal end of the apparatus shown in Fig. 

11 A. 

Fig. 12 illustrates the apparatus of Fig. IIA after advancement of the locator assembly 

block. 

Fig. 13 A illustrates the apparatus of Fig. 12 after distal advancement of the triggering 
system and carrier assembly. Fig. 13B illustrates a close-up view of the distal end of the 
housing and intemal components of the apparatus shown in Fig. 13 A. 

Fig. 14A illustrates the apparatus of Fig. 13 after further distal advancement of the 
triggering system and carrier assembly. 

Fig. 14B illustrates a close-up view of the distal end of the housing and intemal 
components of the apparatus shown in Fig. 14A. 

Fig. 15 illustrates a reverse view of the apparatus of Figs. 1 1-14, showing the locator 
release system. 

It should be noted that the figures are not drawn to scale and that elements of similar 
structures or fimctions are generally represented by like reference numerals for illustrative 
purposes throughout the figures. It also should be noted that the figures are only intended to 
facilitate the description of the preferred embodiments of the present invention. The figures do 
not describe every aspect of the present invention and do not limit the scope of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Since current apparatuses for sealing openings formed in blood vessel walls can snag 
tissue adjacent to the openings during positioning and may not provide an adequate seal, an 
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apparatus that is configured to prevent madvertent tissue coniact aunng-posiiiomng anu vj 
engage a substantial of amount of tissue adjacent to the opening can prove much more 
desirable and provide a basis for a wide range of medical applications, such as diagnostic 
and/or therapeutic procedures involving blood vessels or other body lumens of any size. This 
result can be achieved, according to one embodiment of the present invention, by employing an 
apparatus 100 as shown in Fig. 1. 

As will be discussed in more detail below, the apparatus 100 can deliver a closure 
element 500 (shown in Figs. 6A-B) through tissue 630 (shown in Fig. 8A) and into an opening 
610 (shown in Fig. 8 A) formed in and/or adjacent to a wall 620 (shown in Fig. 8 A) of a blood 
vessel 600 (shown in Fig. 8A) or other body lumen. The closure element (or clip) 500 
preferably has a generally annular-shape body 510 (shown in Figs. 6A-B) defining a channel 
540 and one or more barbs and/or tines 520 (shown in Figs. 6A-B) for receiving and engaging 
the blood vessel wall 620 and/or the tissue 630 around the opening 610. Although the closure 
element 500 has a natural shape and size, the closure element 500 can be deformed into other 
shapes and sizes, as desired, and is configured to return to the natural shape and size when 
released. For example, the closure element 500 can have a natural, planar configuration with 
opposing tines 520 and a natural cross-section 530 as shown in Figs. 6A-B. the natural cross- 
section 530 of the closure element 500 can be reduced to form a reduced closure element 500' 
that has a natural, planar configuration with opposing tines 520 and a reduced cross-section 
530' as shown in Figs. 6C-D. By rotating the opposing tines 520 axially as shown in Fig. 6E, 
the reduced closure element 500' can be firrther deformed to form a substantially tubular 
closure element 500" (shown in Fig. 6F) having the reduced cross-section 530' as well as being 
in a substantially tubular configuration with the tines 520 in an axial configuration. 

Being configured tO draw the blood vessel wall 620 and/or the tissue 630 adjacent to 
the opening 610 substantially closed and/or to enhance hemostasis within the opening 610, the 
closure element 500 can be formed from any suitable material, including any biodegradable 
material, any shape memory alloy, such as alloys of nickel-titanium, or any combination 
thereof. As desired, the closure element 500 can include radiopaque markers (not shown) or 
may be wholly or partially formed from a radiopaque material to faciUtate observation of the 
closure element 500 using fluoroscopy or other imaging systems. Exemplary embodiments of 
a closure element are disclosed in U.S. Patent No. 6,197,042, in co-pending applications Serial 
Nos. 09/546,998, 09/610,238, and 10/081,726. The disclosures of these references and any 
others cited therein are expressly incorporated herein by reference. 

The apparatus 100 is configured to receive and retain the closure element 500 such 

that the closure element 500 is disposed substantially within the apparatus 100. Thereby, if the 
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apparams luu is miroaucea via an introducer sheath 640 (shown in Fig; 8 A), for example, the 
closure element 500 can be disposed within, and delivered by way of, a lumen 644 (shown ia 
Fig. 8 A) of the introducer sheath 640. The apparatus 100 also is configured to engage the 
blood vessel wall 620 adjacent to the operdng 610. Being disposed substantially within the 
apparatus 100, the closure element 500 caa deeply penetrate, without inadvertently contacting, 
tissue 630 adjacent to the opening 610 such that the apparatus 100 can position the closure 
element 500 substantially adjacent to an outer surface 620a (shown in Fig. 8 A) of the blood 
vessel wall 620 adjacent to the opening 610. 

When properly positioned, the apparatus 100 can be activated to distally deploy the 
closure element 500. Although preferably configured to substantially uniformly expand the 
closure element 500 beyond the natural cross-section 530 of the closure element 500 during 
deployment, the apparatus 100, as desired, can deploy the closure element 500 without 
expanding the closure element 500. The closure element 500, when deployed, is configured to 
engage significant amount of the blood vessel wall 620 and/or tissue 630 adjacent to the 
opening 610. Engaging the blood vessel wall 620 and/or tissue 630, the closure element 500 is 
fijrther configured to retum to the natural cross-section 530. Thus, the engaged blood vessel 
wall 620 and/or tissue 630 are drawn substantially closed and/or sealed, such that, for example, 
hemostasis within the opening 610 is enhanced. 

The apparatus 100 can be provided as via one or more integrated components and/or 
discrete components. As shown in Fig. 1, for example, the apparatus 100 can comprise a 
locator (or obturator) assembly 200 and a carrier assembly 300. For purposes of illustration, 
the locator assembly 200 and the carrier assembly 300 are shown in Fig. 1 as comprising 
substantially separate assemblies. As desired, however, the locator assembly 200 and the 
carrier assembly 300 each can be provided, in whole or in part, as one or more integrated 
assemblies. 

Being configured to extend into the opening 610, the locator assembly 200 can 

selectably engage the inner surface 620b of the blood vessel wall 620 adjacent to the opening 

610. Thereby, the locator assembly 200 is configured to draw the blood vessel wall 620 taut 

and can maintain the proper position of the apparatus 100 as the blood vessel 600 pulsates. 

The locator assembly 200 can be provided in the maimer disclosed in co-pending applications 

Serial Nos, 09/732,835 and 10/081,723, the disclosure of which is expressly incorporated 

herein by reference, and preferably includes a flexible or semi-rigid tubular body 210, such as 

an elongate rail, with a longitudinal axis 216. As illustrated in Fig. 2 A, the tubular body 210 

has a proximal end region 210a and a distal end region 210b and includes a predetermined 

length 218a and a predetermined outer cross-section 218b, both of which can be of any suitable 
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dimension. The distal end region 210b of the locator assembly 200 preferably includes a 
substantially roxmded, soft, and/or flexible distal end or tip 220 to facilitate atraumatic 
advancement and/or retraction of the distal end region 210b into the blood vessel 600. As 
desired, a pigtail (not shown) may be provided on the distal end 220 to further aid atraumatic 
advancement of the distal end region 210b. 

The distal end region 210b of the locator assembly 200 further is selectably 
controllable between an unexpanded state and an expanded state, hi the xmexpanded state, the 
distal end region 210b has an unexpanded size; whereas, the distal end region 210b in the 
expanded state has an expanded size, which is greater than the unexpanded size of the distal 
end region 210b in the unexpanded state. The distal end region 210b is configured to expand 
from the unexpanded size to the expanded size and/or to contract from the expanded size to the 
imexpanded size, and the expansion and contraction of the distal end region 210b preferably is 
substantially xmiform about the longitudinal axis 216. For example, one or more expansion 
elements 230 can be provided on the distal end region 210b and can be configured to expand 
substantially transversely with respect to a longitudinal axis 216 of the locator assembly 200. 
Preferably being substantially equally distributed about an outer periphery 212 of the distal end 
region 210b, the expansion elements 230 may include radiopaque markers (not shown) or may 
be wholly or partially formed from a radiopaque material to facilitate observation of the 
expansion elements 230 and/or the distal end region 210b using fluoroscopy or other imaging 
systems. 

At least one, and preferably all, of the expansion elements 230 can comprise a 
substantially flexible member 230' with a substantially fixed end region 230a', an intermediate 
region 230b', and a movable end region 230c' as shown in Figs. 2B-C. For each substantially 
flexible member 230', the fixed end region 230a' is fixedly coupled with the distal end region 
210b; whereas, the movable end region 230c' is movably coupled with the distal end region 
210b and configured to be axially movable relative to the fixed end region 230a'. When each 
movable end region 230c' is axially moved toward the relevant fixed end region 230a', the 
intermediate regions 230b ^ buckle and/or expand transversely outwardly5 thereby transitioning 
the distal end region 210b of the locator assembly 200 from the unexpanded state to the 
expanded state. In contrast, the distal end region 210b transitions from the expanded state to 
the unexpanded state as each of the movable end regions 230c' are axially moved away from 
the relevant fixed end region 230a'. Although the expansion elements 230 are shown as 
comprising the flexible members 230' in Figs. 2B-C for purposes of illustration, it is 
understood that the expansion elements 230 can comprise any type of expansion elements and 
are not limited to the illustrated embodiments. 
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Turning to Fig. 2D, the locator assembly 200 also can include a locaier comxoi sysit:m 
240 that is coupled with the proximal end region 210a of the locator assembly 200 and that is 
configured to selectively control the distal end region 210b of the locator assembly 200 
between the unexpanded and expanded states. The locator control system 240 can selectively 
control the distal end region 210b between the unexpanded and expanded states, such as by 
being activated by a switching system (not shown). For example, a control member 250, such 
as a rod, wire, or other elongate member, can be moveably disposed within a lumen (not 
shown) formed by the tubular body 210 and extending substantially between the proximal end 
region 210a and the distal end region 210b. The control member 250 has a proximal end 
region 250a that is coupled with the locator control system 240, preferably via a control block 
260 (shown in Fig. 4D), and a distal end region (not shown) that is coupled with the distal end 
region 210b of the locator assembly 200, the expansion elements 230, and/or the movable end 
regions 230c' of the substantially flexible members 230'. The locator control system 240 can 
selectively transition the distal end region 210b, the expansion elements 230, and/or the 
substantially flexible members 230' between the unexpanded and expanded states by moving 
the control member 250 axially relative to the tubular body 210. 

The locator control system 240 preferably includes a locator release system 490 for 
maintaining the unexpanded state and/or the expanded state of the distal end region 210b, the 
expansion elements 230, and/or the substantially flexible members 230'. Preferably being 
configured to maintain the expanded state of the distal end region 210b, the locator release 
S3^tem 490 can comprise any type of locking system and can be engaged, for instance, by 
activating the switching system. For example, once the substantially flexible members 230' 
have entered the expanded state, the locator release system 490 can secure the control member 
250 to prevent axial movement relative to the tubular body 210, thereby maintaining the 
substantially flexible members 230' in the expanded state. 

In the manner described in more detail below, the locator control system 240 also can 
be configured to disengage the locator release system 490, such that the distal end region 210b, 
the expansion elements 230, and/or the substantially flexible members 230' can transition 
between the unexpanded and expanded states. The locator release system 490 can be 
disengaged, for example, by activating an emergency release system (not shown). As desired, 
the locator control system 240 can further include a biasing system (not shown), such as one or 
more springs, to bias the distal end region 210b, the expansion elements 230, and/or the 
substantially flexible members 230' to enter and/or maintain the unexpanded state when the 
locator release system 490 is disengaged. 
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Returning to Fig. 1, the carrier assembly 300 is coupled with, and slidable relative to, 

the locator assembly 200. The carrier assembly 300 is configured to receive and retain the 

closure element 500 (shown in Figs. 6A-B), which preferably is disposed substantially within 

the carrier assembly 300. When the locator assembly 200 engages the inner surface 620b 

(shown in Fig. 8 A) of the blood vessel wall 620 (shown in Fig. 8 A), the carrier assembly 300 is 

further configured to position the closure element 500 substantially adjacent to the opening 610 

(shown in Fig. 8A) and to deploy the closure element 500. Upon being deployed, the closure 

element 500 can maintain the reduced cross-section 530' (shown in Figs. 6C--D) but preferably 

can temporarily and substantially uniformly expand beyond the natural cross-section 530 

(shown in Figs. 6A-B) of the closure element 500. Li either case, the closure element 500, 

when deployed, can engage significant amount of the blood vessel wall 620 and/or tissue 630 

adjacent to the opening 610. Thereafter, the closure element 500 is configured to retum to the 

natural cross-section 530, preferably substantially uniformly, such that the blood vessel wall 

620 and/or tissue 630 is drawn substantially closed and/or sealed. 

Turning to Figs. 3 A-D, the carrier assembly 300 can include a tube set 305, 

comprising a carrier member 310, a pusher member 320, and a cover member 330. The carrier 

member 310, the pusher member 320, and the cover member 330 can be provided as a plurality 

of nested, telescoping members with a common longitudinal axis 350 as illustrated in Fig. 3 A. 

The carrier member 310 is configured to receive and support the closure element 500. While 

being disposed on the carrier member 310, the closure element 500 preferably is defomied 

firom the natural, planar configuration to form the substantially tubular closure element 500" 

(shown in Figs. 6F-G) as will be discussed in more detail below. Beuig disposed substantially 

about, and supported by, an outer periphery 312b of the carrier member 310, the substantially 

tubular closure element 500" can be substantially in axial alignment with the carrier member 

310 with the tines 520 pointed substantially distally. 

Preferably being formed as a substantially rigid, semi-rigid, or flexible tubular 

member, the carrier member 310 has a proximal end region 310a and a distal end region 3 1 Ob 

and includes a predetemained length 318a and a predetermined cross-section 3 1 8b, both of 

which can be of any suitable dimension. The carrier member 310 also can define a lumen 314 

that extends substantially bet^veen the proximal end region 310a and the distal end region 310b 

and that is configured to slidably receive at least a portion of the tubular body 210 of the 

locator assembly 200. Although the cross-section 318b of the carrier member 310 generally is 

substantially xxniform, the distal end region 310b of the carrier member 310 preferably has a 

cross-section that increases distally, as illustrated in Figs. 3A-B, for substantially uniformly 

expanding the substantially tubular closure element 500" beyond the natural cross-section 530 
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of the closure element 500 when the substantially tubular closure element .:>UU" is deployed. 
To deploy the closure element 500 without expanding the closure element 500, the distal end 
region 310b can be formed with a cross-section (not shown) that is substantially uniform. 
Although shown and described as having the cross-section that increases distally for expanding 
the substantially tubular closure element 500", it will be imderstood that the distal end region 
310b of the carrier member 310 can be provided with the substantially-uniform cross-section 
and that the substantially tubular closure element 500" can be deployed without being 
expanded. 

Being configured to distally deploy the substantially tubular closure element 500", the 
pusher member 320 has a proximal end region 320a and a distal end region 320b and is 
coupled with, and slidable relative to, the carrier member 310. The pusher member 320 
includes a predetermined length 328a and a predetermined cross-section 328b, both of which 
can be of any suitable dimension and can be configured to slidably receive liie carrier member 
310 such that the distal end region 320b of the pusher member 320 is offset proximally firom 
the distal end region 3 10b of the carrier member 310. As desired, the predetermined length 
328a of the pusher member 320 can be greater than or substantially equal to the predetermined 
length 3 1 8a of the carrier member 310. The predetermined length 328a of the pusher member 
320 however preferably is less than the predetennined length 318a of the carrier member 310 
such that the carrier member 310 and the pusher member 320 at least partially define a space 
360 distal to the distal end region 320b of the pusher member 320 and along the periphery 
312b of the carrier member 310. 

Being formed firom a substantially rigid, semi-rigid, or flexible material, the pusher 
member 320 preferably is substantially tubular and can define a lumen 324 that extends 
substantially between the proximal end region 320a and the distal end region 320b and that is 
configured to slidably receive at least a portion of the carrier member 310. The cross-section 
328b of the pusher member 320 preferably is substantially uniform, and the distal end region 
320b of the pusher member 320 can comprise one or more longitudinal extensions 325, which 
extend distally fi-om the pusher member 320 and along tlie periphery 312b of the carrier 
member 310 as shown in Fig. 3C. The longitudinal extensions 325 preferably are biased such 
that the longitudinal extensions 325 extend generally in parallel with conmion longitudinal axis 
350. The longitudinal extensions 325 are sufficiently flexible to expand radially, and yet 
sufficiently rigid to inhibit buckling, as the distal end region 320b is directed distally along the 
carrier member 310 and engage the distally-increasing cross-section of the distal end region 
310b of the carrier member 310 to deploy the substantially tubular closure element 500". 
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The cover member 330 is configured to retain ttie substantially tubular closure 
element 500" substantially within tiie carrier assembly 300 prior to deployment. Being coupled 
with, and slidable relative to, the pusher member 320, the cover member 330 has a proximal 
end region 330a and a distal end region 330b and includes a predetermined length 338a and a 
predetermined cross-section 338b, both of which can be of any suitable dimension. Preferably 
being formed as a substantially rigid, semi-rigid, or flexible tubular member, the cover member 
330 has an inner periphery 332a and an outer periphery 332b and can define a lumen 334. The 
lumen 334 extends substantially between the proximal and distal end regions 330a, 330b of the 
cover member 330 and can be configured to shdably receive at least a portion of the pusher 
member 320. When the cover member 330 is properly positioned within the carrier assembly 
300, the distal end region 330b is configured to extend over the space 360, thereby defining an 
annular cavity 370 for receiving and retaining the substantially tubular closure element 500". 

The cross-section 338b of the cover member 330 preferably is substantially xxniform, 
and the distal end region 330b of the cover member 330 preferably comprises one or more 
longitudinal extensions 335, which extend distally fi-om the cover member 330 and along an 
outer periphery 322b of the pusher member 320 as shown in Fig. 3D. Although the 
longitudinal extensions 335 can extend generally in parallel with conmion longitudinal axis 
350, the longitudinal extensions 335 preferably are biased such that the plurality of longitudinal 
extensions 335 extend substantially radially inwardly as illustrated in Figs. 3A and 3D. 
Thereby, the longitudinal extensions 335 can at least partially close the lumen 334 substantially 
adjacent to the distal end region 330b of the cover member 330. To permit the substantially 
tubular closure element 500" to be deployed firom the annular cavity 370, the longitudinal 
extensions 335 preferably are sufficiently flexible to expand radially to permit the distal end 
region 3 10b of the carrier member 3 10 to move distally past the cover member 330 to open the 
annular cavity 370 such that the distal end region 330b no longer extends over the space 360. 

If the carrier assembly 300 is assembled as the pluraUty of nested, telescoping 
members as shown in Fig. 3 A, the carrier member 310 is at least partially disposed within, and 
slidable relative to^ the lumen 324 of the pusher member 320. The pusher member 320, in turn, 
is at least partially disposed within, and shdable relative to, the lumen 334 of the cover member 
330. To couple the carrier assembly 300 with the locator assembly 200, the tubular body 210 
of the locator assembly 200 is at least partially disposed within, and shdable relative to, the 
lumen 314 of the carrier member 310. The longitudinal axis 216 of the locator assembly 200 
preferably is substantially iti axial alignment with the common longitudinal axis 350 of the 
carrier member 310, the pusher member 320, and the cover member 330. 
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It will be appreciated that the tube set 305 preferably also incluaes a support member 
340 as shown in Figs. 3A and 3E. The support member 340 is configured to sUdably receive 
the tubular body 210 of the locator assembly 200 and to provide radial support for the distal 
end region 210b of the tubular body 210 when the locator assembly 200 is coupled with the 
carrier assembly 300. The carrier assembly 300 can advantageously include the support 
member 340, for example, if the tubular body 210 is not sufficiently rigid or under other 
circumstances in which support for the tubular body 210 might be desirable. It also will be 
appreciated that the support member 340 also can be configured to inhibit the plurality of 
longitudinal extensions 335, which extend from the distal end region 330b of the cover 
member 330, firom expanding prematurely when the closure element 500 is deployed. 

Preferably being formed as a substantially rigid, semi-rigid, or flexible tubular 
member, the support member 340 includes a proximal end region 340a and a distal end region 
340b. Having an outer periphery 342b, the support member 340 can define a lumen 344 that 
extends substantially between the proximal end region 340a and the distal end region 340b and 
that is configured to slidably receive and support at least a portion of the tubular body 210 of 
the locator assembly 200. The support member 340, in turn, can be at least partially sUdably 
disposed within the lumen 314 of the carrier member 310 such that the tubular body 210 of the 
locator assembly 200 is coupled with, and sUdable relative to, the carrier member 310 in the 
manner described in more detail above. The support member 340 has a predetermined length 
348a and a predetermined cross-section 348b, both of which can be of any suitable dimension, 
and the cross-section 348b preferably is substantially uniform. Although shown and described 
as being substantially separate for purposes of illustration, it will be appreciated that the carrier 
member 310, the pusher member 320, the cover member 330, and/or the support member 340 
can be provided, in whole or in part, as one or more integrated assembUes. 

The carrier assembly 300 also can include a housing 380 as illustrated in Fig. 4A. 

Preferably being formed as an elongate member with a longitudinal axis 386, the housing 380 

has an outer periphery 382b and includes a proximal end region 380a and a distal end region 

380b, Thereby, when the apparatus 100 is properly assembled, the tubular body 210 of the 

locator assembly 200 at least partially disposed within, and slidable relative to, the tube set 305 

such that the distal end region 210b of the tubular body 210 extends beyond the distal end 

regions 310b, 320b, 330b, and/or 340b. The tubular body 210, the carrier member 310, the 

pusher member 320, the cover member 330, and, if provided, the support member 340 are at 

least partially disposed within, and shdable relative to, the housing 380, and the respective 

distal end regions 210b, 310b, 320b, 330b, and 340b extend from the distal end region 380b of 

the housing 380 such that the common longitudinal axis 350 (shown in Fig. 3 A) of the tube set 
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305 is substantially axially aligned with the longitudinal axis 386 of the housing 380. Being 

configured to slidably retain the respective proximal end regions 210a, 310a, 320a, 330a, and 

340a, the housing 380 supports the tube set 305 and can have one or more handles 390 to 

facilitate use of the apparatus 100. The handles 390 extend substantially radially fi-om the 

outer periphery 382b of the housing 380 and can be provided in the manner known in the art. 

When the apparatus 100 is properly assembled, the tubular body 210 of the locator 

assembly 200 is at least partially disposed within, and slidable relative to, the tube set 305 of 

the carrier assembly 300 such that the distal end region 210b of the tubular body 210 extends 

beyond the distal end regions 310b, 320b, 330b, and/or 340b. Further, the proximal end region 

210a of the tubular body 210 and the proximal end regions 3 10a, 320a, 330a, and/or 340a of 

the tube set 305 are at least partially disposed within, and sUdable relative to, the housing 380. 

The switching system of the locator assembly 200 and a switching system 450 of the triggering 

system 400 preferably are accessible external to the housing 380 as shown in Fig. 4A. 

Turning to Figs. 4B-D, a triggering system 400 can be disposed substantially within 

the housing 380. The triggering system 400 is configured to control the relative axial 

movement and/or positioning of the respective distal end regions 310b, 320b, 330b, and 340b 

of the tube set 305 and/or the distal end region 210b of the locator assembly 200. Being 

coupled with the proximal end regions 210a, 310a, 320a, 330a, and/or 340a, the triggering 

system 400 can control the relative axial movement of the distal end regions 210b, 310b, 320b, 

330b, and/or 340b in any manner, such as by being activated by the switching system 450. As 

desired, the triggering system 400 can mduce axial motion, such as distal motion, with respect 

to one or more of the distal end regions 210b, 310b, 320b, 330b, and/or 340b. One or more of 

the distal end regions 210b, 310b, 320b, 330b, and/or 340b can be axially moved. Axial 

motion of one or more of the carrier member 310, the pusher member 320, the cover member 

330, and the support member 340 and/or Ihe tubular body 210 can be attained, for example, by 

applying an axial force to the switching system 450. To facilitate monitoring of the positioning 

of the carrier assembly 300 and/or the substantially tubular closure element 500", one or more 

of the distal end regions 210b, 310b, 320b, 330b, and/or 340b may include radiopaque markers 

(not shown) or may be wholly or partially formed from a radiopaque material. 

The triggering system 400 is configured to overcome intemal resistance such that the 

relative axial movement and/or positioning of the respective distal end regions 310b, 320b, 

330b, and 340b of the tube set 305 and/or the distal end region 210b of the locator assembly 

200 are controlled in accordance with a predetermined manner when the triggering system 400 

is activated. Thereby, movement and/or positioning of the distal end regions 310b, 320b, 330b, 

340b, and/or 210b is initiated when at least a predetermined quantity of force is appUed to the 
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switching system 450. Stated somewhat differently, a force tnat is less tnan me preaetemunea 
quantity generally is insufficient to activate the triggering system 400; whereas, when the force 
increases to a level that is greater than or substantially equal to the predetermined quantity, the 
triggering system 400 is configured to activate, moving and/or positioning the distal end 
regions 310b, 320b, 330b, 340b, and/or 210b in accordance with the predetermined manner. 
The triggering system 400, once activated, preferably continues to move and/or position the 
distal end regions 310b, 320b, 330b, 340b, and/or 210b in accordance with the predetermined 
manner until the closure element 500 is deployed. 

The triggering system 400, for example, can comprise one or more sets of cooperating 
detents for coupling the axial motion of the distal end regions 310b, 320b, 330b, and 340b in 
accordance with a predetermined manner when the triggering system 400 is activated. The 
term "detents" refers to any combination of mating elements, such as blocks, tabs, pockets, 
slots, ramps, locking pins, cantilevered members, support pins, and the like, that may be 
selectively or automatically engaged and/or disengaged to couple or decouple the carrier 
member 310, the pusher member 320, the cover member 330, and the support member 340 
relative to one another. It will be appreciated that the cooperating detents as illustrated and 
described below are merely exemplary and not exhaustive. For example, the cooperating 
detents can include a first set of cooperating blocks and pockets for releasable coupling the 
support member 340, the carrier member 310, the pusher member 320, and the cover member 
330. When the carrier assembly 300 reaches a first predetermined distal position, the support 
member 340 can be decoupled from the carrier member 310, the pusher member 320, and the 
cover rnember 330 and preferably is substantially inhibited from fiirther axial movement. 
Thereby, the carrier member 310, the pusher member 320, and the cover member 330 may 
continue to be directed distally as the support member 340 remains substantially stationary. 

As shown in Figs. 4B-C, the cooperating detents can comprise a carrier block 410, a 
pusher block 420, a cover block 430, and a support block 440, which can be configured to 
couple and decouple in accordance with the predetermined manner. For example, the carrier 
block 410 is disposed on the proximal end region 310a of the carrier member 310 and includes 
a carrier pin 412c that extends from the carrier block 410; whereas, the proximal end region 
330a of the cover member 330 and the proximal end region 340a the support member 340 are 
respectively coupled with the cover block 430 and the support block 440. A cover pin 432b 
extends from the cover block 430, and the support block 440 has a support pin 442a, which 
extends from the support block 440. The support pin 442a, the cover pin 432b, and the carrier 
pm 412c each preferably are formed from a substantially rigid material, such as an alloy of 
nickel-titanium. 
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The pusher block 420 is disposed on the proximal end region 320a ot the pusJaer 
member 320 and forms a support slot 422a, a cover slot 422b, and a carrier slot 422c. The 
support slot 422a is configured to receive and releasable engage the support pin 442a by which 
the support member 340 can be coupled with, and decoupled from, the pusher member 320. 
The cover member 330 can be coupled with, and decoupled from, the pusher member 320 via 
the cover slot 422b, which is configured to receive and releasable engage the cover pin 432b. 
The carrier slot 422c is configured to receive and releasable engage the carrier pin 412c such 
that the carrier member 310 can be coupled with, and decoupled from, the pusher member 320. 
The carrier block 410, the pusher block 420, the cover block 430, and the support block 440 
preferably are respectively disposed substantially on the outer peripheries 3 12b, 322b, 332b, 
and 342b and can be configured to couple and decouple in accordance with the predetermined 
manner. 

The triggering system 400 also includes one or more stops for engaging the pusher 
block 420, the cover block 430, and/or tiie support block 440, respectively. As illustrated in 
Fig. 4B, a support stop 460a, a cover stop 460b, and a carrier stop 460c each are formed in the 
housing 380 and are configured to receive, and substantially inhibit further movement of, the 
support block 440, the cover block 430, and the carrier block 410, respectively, in accordance 
with the predetermined manner. For example, when an axial force is applied to the tube set 
305 via the switching system 450, the cover block 430 moves distally within the housing 380, 
and the cover block 430 approaches the cover stop 460b. Upon being received by the cover 
stop 460b, the cover block 430 is substantially locked in place, substantially preventing any 
further motion by the cover block 43 0. 

Resisting the axial force, the cover pin 412b provides a static load while the axial 
force is less than the predetermined quantity of force. As the axial force increases to a level 
that is greater than or substantially equal to the predetermined quantity, the cover pin 412b can 
be displaced from the cover slot 422b, decoupling the cover member 330 from the carrier 
member 310, the pusher member 320, and the support member 340. Creating the internal 
resistance to be overcome by the triggering system 400, the static forces provided by the pins 
412a, 412b, and 412c is approximately proportional to a composition and cross-section of the 
respective pins 412a, 412b, and 412c and/or a depth and a slope of the respective slots 422a, 
422b, and 422c. As desired, the pins 412a, 412b, and 412c can be configured to provide static 
loads that are differing and/or substantially uniform. 

Turning to Fig. 4D, the triggering system 400 can fixrther have a tube release system 

470 for inhibiting inadvertent advancement of the tube set 305. The tube release system 470 is 

coupled with a tube release member 480, such as a rod, wire, or other elongate member. The 
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tube release member 480 has a proximal end region 4»ua mat is aisposeu suosiaiiuaiiy uciwccu 
the pusher block 420 and the housing 380 (shown in Fig. 4A) and a distal end region 480b that 
is coupled with the tube release system 470. Preferably, a tab 485 is coupled with the proximal 
end region 480a of the tube release member 480, and a pin (not shown) extends from the 
pusher block 420 and is disposed substantially between the tab 485 and a groove (not shown) 
formed in the housing 380. The tube release system 470 is configured to release the tube set 
305 when the tube release member 480 is moved proximally, freeing the pusher block 420. 

A locator release system 490 for permitting the distal end region 210b, the expansion 
elements 230, and/or the substantially flexible members 230' of the locator assembly 200 to 
transition from the expanded state to the vmexpanded state can be included witii the triggering 
system 400. The locator release system 490 can comprise a rod, wire, or other elongate 
member and has a proximal end region 490a and a distal end region 490b. The proximal end 
region 490a of the locator release system 490 can be coupled with, and configured to activate, 
the locator confrol system 240 (shown in Fig. 2D), and the distal end region 490b extends 
beyond the pusher block 420. Thereby, when the pusher block 420 is advanced during 
deployment of the closure element 500, the confrol block 260 is disengaged such that the distal 
end region 210b, the expansion elements 230, and/or the substantially flexible members 230' 
of the locator assembly 200 to transition from the expanded state to the unexpanded state. 

The operation of the triggering system 400 in accordance with one predetermined 
manner is illusfrated in Figs. 5A-C with the closure element 500 (shown in Figs. 6A-B) 
disposed substantially within the apparatus 100. As shown in Fig. 5 A, the distal end region 
210b of the locator assembly 200 has been positioned as desked and has fransitioned from the 
unexpanded state to the expanded state. While the locator confrol system 240 (shown in Fig. 
2D) maintains the distal end region 210b in the expanded state, a distally-dfrected axial force is 
applied to the triggering system 400 via the switching system 450. Once the tube release 
member 480 (shown in Fig. 4D) has been moved proximally to free the pusher block 420, the 
tube set 305 is substantially freely slidable within the housing 380 and responds to the axial 
force by sliding distally from an initial predetermined position to a first predetermined position. 

In the initial predetermined position, the carrier member 310, the pusher member 320, 

the cover member 330, and the support member 340 are coupled via the slots 422c, 422b, and 

422a (shown in Fig. 4C) and the pins 412c, 422b, and 442a (shown in Fig. 4C). Stated 

somewhat differently, the support pin 442a, the cover pin 432b, and the carrier pin 412c are 

respectively disposed within, and engaged by, the support slot 422a, the cover slot 422b, and 

the carrier slot 422c such that the carrier block 410, the pusher block 420, the cover block 430, 

and the support block 440 are coupled as illusfrated in Fig. 4C. Therefore, the carrier member 
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310, the pusher member 320, the cover member 330, and the support member 34U eacn slide 
distally from the initial predetermined position to the first predetermined position in response 
to the axial force. 

Fig. 5B illustrates the positions of the carrier member 310, the pusher member 320, 
the cover member 330, and the support member 340 upon reaching the first predetermined 
position. In the first predetermined position, the support block 440 and the cover block 430 
respectively engage the support stop 460a and the cover stop 460b. Thereby, the support stop 
460a receives, and substantially inliibits further movement of, the support block 440 and, 
therefore, the support member 340; whereas, the cover stop 460b receives, and substantially 
inhib its further movement of, the cover block 430 and, therefore, the cover member 330. 
Although the support block 440 and the cover block 430 preferably engage tiie support stop 
460a and the cover stop 460b in the first predetermined position, it will be appreciated that the 
support block 440 can engage the support stop 460a and the cover block 430 can engage the 
cover stop 460b in different predetermined positions. In oilier words, the predetermined 
manner can comprise any number of predetermined positions, each predetermined position 
being associated with any number of the blocks 410, 420, 430, and 440 engaging any number 
of relevant stops 460a, 460b, and 460c. 

To continue distally from the first predetermined position, the carrier member 310 and 
the pusher member 320 can be decoupled from the cover member 330 and the support member 
340 by disengaging the support pin 442a and the cover pin 432b from the support slot 422a and 
the cover slot 422b, respectively. In the manner described in more detail above with reference 
to Figs, 4B-C, the support pin 442a and the cover pin 432b each resist the axial force. Wliile 
the axial force is less than the combined static force provided by the support pin 442a and the 
cover pin 432b, the carrier member 310 and the pusher member 320 remain coupled with the 
cover member 330 and the support member 340. As the axial force increases to a level that is 
greater than or substantially equal to the combined static force, the support pin 442a and the 
cover pin 432b are respectively displaced from the support slot 422a and the cover slot 4.22b, 
decoupling the carrier member 310 and the pusher member 320 from the cover member 330 
and the support member 340. Thereby, the cover member 330 and the support member 340 
preferably are inhibited from further distal movement and remain substantially stationary; 
whereas, the carrier member 310 and the pusher member 320 proceed distally toward a second 
predetermined position. 

The pusher member 320 and the carrier member 310 continue distally until the second 
predetermined position is reached as shown in Fig. 5C. In the second predetermined position, 

the carrier block 410 engages the carrier stop 460c. Thereby, the carrier stop 460c receives, 
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and substantially inhibits further movement ot, the earner biocK ^lu ana, mereiore, me earner 
member 310. To continue distally from the second predetennined position, the pusher member 
320 can be decoupled from the carrier member 310 by disengaging the carrier pin 412c from 
the carrier slot 422c. In the maimer described in more detail above with reference to Figs. 4B- 
C, the carrier pin 412c resists the axial force. While the axial force is less than the static force 
provided by the carrier pin 412c, the pusher member 320 remains coupled with the carrier 
member 310. 

As the axial force increases to a level that is greater than or substantially equal to the 
static force, the carrier pin 412c is displaced from the carrier slot 422c, decoupling the pusher 
member 320 from the carrier member 310. Thereby, the carrier member 310 preferably is 
inhibited from ftirther distal movement and remains substantially stationary; whereas, the 
pusher member 320 proceed distally to deploy the closure element 500 and to activate the 
locator release system 490 (shown in Fig. 2D) such that the distal end region 210b, the 
expansion elements 230, and/or the substantially flexible members 230' of the locator 
assembly 200 transition from the expanded state to the unexpanded state. Preferably, the axial 
force that is apphed to overcome the static force associated with the first predetennined 
position is sufficient to overcome the static forces associated with the subsequent 
predetermined positions, to deploy the closure element 500, and to activate the locator release 
system 490 such that the triggering system 400 operates in one substantially-continuous 
motion. 

It will be appreciated that the triggering system 400 can include an energy storing 
element (not shown), which can be disposed substantially between the housing 380 and the 
blocks 410, 420, 430, and 440 and which is configured to store potential energy for moving the 
tube set 305 from the initial predetermined position through the other predetermined positions, 
deploying the closure element 500, and/or activating the locator release system 490. The 
energy storing element is configured store Ihe potential energy when the tube set 305 is in the 
initial predetemiined position and to release the potential energy, when activated, such that the 
tube set 305 travels through the predetennined positions at a substantially constant and 
continuous rate. For example, the energy storing element can comprise one or more springs 
(not shown). Each of the springs can be in a compressed state when the tube set 305 is in the 
initial predetennined position and released from the compressed state when the switching 
system 450 of the triggering system 400 is activated. 

In use, the closure element 500 is disposed within the carrier assembly 300. As shown 

in Figs. 7A-B, for example, the reduced closure element 500' can be slidably received over the 

distally-mcreasmg cross-section 318b of the distal end region 310b of the carrier member 310 
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and disposed about the periphery 3 12 ot the earner memDer J i u aajacenx lo me space :>ou. 
Since the reduced cross-section 530' of the reduced closure element 500' is less than the cross- 
section 318b of the distally-increasing cross-section 318b, the reduced closure element 500' 
must be temporarily radially deformed to be received over the distal end region 310b. Also, as 
the reduced closure element 500' is received over the distal end region 310b, the opposing tines 
520 of the reduced closure element 500' engage the distal end region 310b. The reduced 
closure element 500' thereby forms the substantially tubular closure element 500" in the 
manner described in more detail above with reference to Figs. 6E-G. 

After being received over the distal end region 310b, the substantially tubular closure 
element 500" is disposed about the space 360, and the tines 520 are directed substantially 
distally as shown in Fig. 7B. As desired, one or more of the tines 520 can be disposed 
proximally of the distally-increasing cross-section 318b of the distal end region 310b, as 
illustrated in Fig. 7B, and/or can be at least partially disposed upon, and contact, the distally- 
increasing cross-section 318b of the distal end region 310b. To improve the engagement 
between the closure element 500 (shown in Figs. 6A-B) and the blood vessel wall 620 and/or 
tissue 630 (collectively shown in Fig. 8A), the substantially tubular closure element 500" 
preferably is disposed on the carrier member 310 such that the tines 520 define a first plane 
that is substantially perpendicular to a second plane defined by the switching system 450 
and/or the handles 390 (collectively shown in Fig. 5A). 

Once disposed about the space 360, the substantially tubular closure element 500" can 
be retained on the outer periphery 312b of the carrier member 310 when distal end region 310b 
of the carrier member 310 and the distal end region 320b of the pusher member 320 are 
slidably received within the limien 334 of the cover member 330 as illustrated in Figs. 7C-D. 
When the cover member 330 is properly positioned within the carrier assembly 300, the distal 
end region 330b of the cover member 330 extends over the space 360 and defines the annular 
cavity 370 for retaining the substantially tubular closure element 500". As such, the 
substantially tubular closure element 500" is disposed substantially between the outer 
periphery 312b of the carrier member 310 and the imier periphery 332a of the cover member 
330 such that the substantially tubular closure element 500" maintains the substantially tubular 
configuration with the tines 520 being directed substantially distally. As desired, the tube set 
305 may radially compress the substantially tubular closure element 500" such that the 
substantially tubular closure element 500" enters and maintains a compressed tubular 
configuration. The body 510 of the substantially tubular closure element 500" can be disposed 
distally of the distal end region 320b of the pusher member 320, as illustrated in Figs. 7C-D, or 

can engage the distal end region 320b, as desired. 
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Turning to Fig. 8 A, a sheath 640 may be inserted or otnerwise positioned tirrougH sicm 
650 and tissue 630 and within the blood vessel 600 or other body lumen via the opening 610. 
Comprising a substantially flexible or semi-rigid tubular member, the sheatii 640 has a 
proximal end region 640a and a distal end region 640b and includes a predetermined length 
and a predetemiined cross-section, both of which can be of any suitable dimension. The sheath 
640 also fomis a lumen 644 that extends along a longitudinal axis of the sheath 640 and 
substantially between the proximal and distal end regions 640a, 640b. The lumen 644 can have 
any suitable intemal cross-section 648b and is suitable for receiving one or more devices (not 
shown), such as a catheter, a guide wire, or the like. The limien 644 is configured to sUdably 
receive the tubular body 210 of the locator assembly 200 (shown in Fig. 4A) and/or the tube set 
305 of the carrier assembly 300 (shown in Fig. 4A). 

Since the intemal cross-section 648b of the sheath 640 typically is less than or 
substantially equal to the predetermined cross-section 338b of the cover member 330, the 
sheath 640 may be configured to radially expand, such as by stretching, to receive the tube set 
305. Altematively, or in addition, the sheath 640 can be advantageously configured to split as 
the tube set 305 is received by, and advances within, the lumen 644 of the sheath 640, thereby 
permitting the apparatus 100 to access the blood vessel wall 620. To facilitate the splitting, the 
sheath 640 can include one or more splits 645, such as longitudinal splits, each split being 
provided in the mamier known in the art. Each split 645 is configured to split the sheath 640 in 
accordance with a predetermined pattern, such as in a spiral pattem. It will be appreciated that, 
when the intemal cross-section 648b of the sheath 640 is greater than the predetermined cross- 
section 338b of the cover member 330, it may not be necessary for the sheath 640 to be 
conjSgured to radially expand and/or split. 

The sheath 640 may be advanced over a guide wire or other rail (not shown) that was 
previously positioned through the opening 610 and into the blood vessel 600 using 
conventional procedures. Preferably, the blood vessel 600 is a peripheral blood vessel, such as 
a femoral or carotid artery, although other body lumens may be accessed using the sheath 640 
as will be appreciated by those skilled in the art. The opening 610, and consequently the 
sheath 640, may be oriented with respect to the blood vessel 600 such as to facilitate the 
introduction of devices through the lumen 644 of the sheath 640 and into the blood vessel 600 
Avith minimal risk of damage to the blood vessel 600. One or more devices (not shown), such 
as a catheter, a guide wire, or the like, may be inserted through the sheath 640 and advanced to 
a preselected location within the patient's body. For example, the devices may be used to 
perform a therapeutic or diagnostic procedure, such as angioplasty, atherectomy, stent 

implantation, and the like, within the patent's vasculature. 
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Alter me procedxire is completea, the devices are removea irom me sneam ow, ana 
the apparatus 100 is prepared to be received by the lumen 644 of the sheath 640 as shown in 
Fig. 8B. Being in the unexpanded state, the distal end region 210b of the tubular body 210 of 
the locator assembly 200 is sUdably received by the lumen 644 and atraumatically advanced 
distally into the blood vessel 600 as illustrated in Figs. 8B-C. Once the distal end region 210b 
of the tubular body 210 extends into the blood vessel 600, the distal end region 210b can 
transition from the unexpanded state to the expanded state as shown in Fig. 8D by activating 
the switching system of the locator assembly 200. 

Turning to Fig. BE, the apparatus 100 and the sheath 640 then are retracted proximally 
until the distal end region 210b is substantially adjacent to an imier surface 620b of the blood 
vessel wall 620. The distal end region 210b thereby draws the blood vessel wall 620 taut and 
maintains the proper position of the apparatus 100 as the blood vessel 600 pulsates. Since the 
expanded cross-section of the distal end region 210b is greater than or substantially equal to the 
cross-section of the opening 610 and/or the cross-section of the lumen 644, the distal end 
region 210b remains in the blood vessel 600 and engages the iimer surface 620b of the blood 
vessel wall 620. The distal end region 210b can frictionally engage the inner surface 620b of 
the blood vessel wall 620, thereby securing the apparatus 100 to the blood vessel 600. The 
sheath 640 is retracted proximally such that the distal end region 640b of the sheath 640 is 
substantially withdrawn from the blood vessel 600, as shown in Fig. E, permitting the 
apparatus 100 to access the blood vessel wall 620. 

As the apparatus 100 is being retracted, the apparatus 100 preferably also is axially 

rotated such that the first plane defined by the tines 520 of the substantially tubular closure 

element 500" is substantially parallel with a third plane defined by the blood vessel 600. 

Thereby, the engagement between the substantially tubular closure element 500" and the blood 

vessel wall 620 and/or tissue 630 can be improved because the tines 520 are configured to 

engage the blood vessel wall 620 and/or tissue 630 at opposite sides of the opening 610. If the 

substantially tubular closure element 500" is disposed on the carrier member 310 such that the 

first plane defined by the tines 520 is substantially perpendicular to the second plane defined 

by the switching system 450 and/or the handles 390 (collectively shown in Fig. 5 A), for 

example, the apparatus 100 can be positioned such that the second plane defined by the 

switching system 450 and/or the handles 390 is substantially perpendicular to the third plane 

defined by the blood vessel 600. 

Once the distal end region 210b of the locator assembly 200 engages the inner surface 

620b of the blood vessel wall 620, the tube release system 470 (shown in Fig. 4D) is activated 

to release the tube set 305, which can be advanced distally and received within the lumen 644 
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of the sheath 640 as illustrated m bF. Jn tne maimer aescnoea m more uciaii aoovc wilu 
reference to Fig. 8A, the sheath 640 can radially expand and/or split in accordance with the 
predetermined pattern as the tube set 305 advances because the intemal cross-section 648b of 
the sheath 640 is less than or substantially equal to the predetermined cross-section 338b of the 
cover member 330. Being coupled, the carrier member 3 10, the pusher member 320, the cover 
member 330, and the support member 340 each advance distally and approach the first 
predetermined position as illustrated in Fig. 8G. 

Upon reaching the first predeteraiined position, the tube set 305 is disposed 
substantially adjacent to the outer surface 620a of the blood vessel wall 620 adjacent to the 
opening 610 such that the blood vessel wall 620 adjacent to the opening 610 is disposed 
substantially between the expanded distal region 210b of the locator assembly 200 and the tube 
set 305. The cover member 330 and the support member 340 each decouple from the carrier 
member 310 and the pusher member 320 in the manner described in more detail above with 
reference to Figs. 5A-C when the tube set 305 is in the first predetermined position. Thereby, 
the cover member 330 and the support member 340 preferably are inhibited from ftirther axial 
movement and remain substantially stationary as the carrier member 310 and the pusher 
member 320 each remain coupled and axially slidable. 

As shown in Fig. 8H, the cover member 330 and the support member 340 remaining 
substantially stationary while the carrier member 310 and the pusher member 320 continue 
distally and approach the second predetermined position. As the carrier member 310 and the 
pusher member 320 distally advance toward the second predetermined position, the amiular 
cavity 370 moves distally relative to the substantially-stationary cover member 330 such that 
the distal end region 330b of the cover member 330 no longer encloses the annular cavity 370. 
Thereby, the substantially tubular closure element 500" is not completely enclosed by the 
annular cavity 370 formed by the distal end regions 310b, 320b, and 330b of the carrier 
member 310, the pusher member 320, and the cover member 330. 

Although not completely enclosed by the annular cavity 370, the substantially tubular 
closure element 500" is advantageously retained on the outer periphery 312b of the carrier 
member 310 by the distal end region 330b of the cover member 330 as illustrated in Fig. 8H. 
For example, by retaining the substantially tubular closure element 500'' between the distal end 
region 330b of the cover member 330 and the distal end region 310b the carrier member 310, 
the apparatus 100 is configured to provide better tissue penetration. The timing between the 
deployment of the substantially tubular closure element 500" by the tube set 305 and the 
retraction and transition to the unexpanded state by the locator assembly 200 likewise is 

facilitated because the substantially tubular closure element 500" is retained between the distal 

23 



wo 2004/069054 PCT/US2004/001585 

end region 330b and tlie distal end region 3 10b. Further, me earner memoer j lu ana me cover 
member 330 operate to maintain the substantially tubular closure element 500" in the tubular 
configuration. 

When the tube set 305 is in the second predetermined position, the carrier member 
310 decouples from the pusher member 320 in the manner described in more detail above with 
reference to Figs. 5A-C. Therefore, the carrier member 310, the cover member 330, and the 
support member 340 preferably are inhibited from fiirther axial movement and remain 
substantially stationary; whereas, the pusher member 320 remains axially slidable. As the 
pusher member 320 continues distally, the distal end region 320b of the pusher member 320 
engages the substantially tubular closure element 500" and displaces the substantially tubular 
closure element 500" from the space 360 as shown in Fig. 81. Since the space 360 is 
substantially radially exposed, the pusher member 320 directs the substantially tubular closure 
element 500" over the distally-increasing cross-section of the distal end region 310b of the 
substantially-stationary carrier member 310 such that the cross-section 530' (shown in Figs. 
6F-G) of the substantially tubular closure element 500" begins to radially expand, preferably in 
a substantially uniform manner. As the substantially tubular closure element 500" traverses the 
distally-increasing cross-section of the distal end region 310b, the cross-section 530' of the 
substantially tubular closure element 500" radially expands beyond natural cross-section 530 
(shown in Figs. 6A-B) of the closure element 500. 

Upon being directed over the distally-increasing cross-section of the distal end region 
310b by the pusher member 320, the substantially tubular closure element 500" is distally 
deployed as illustrated in Fig. 8J. When the substantially tubular closure element 500" is 
deployed, the tines 520 can pierce and otherwise engage significant amount of the blood vessel 
wall 620 and/or tissue 630 adjacent to the opening 610. For example, the tines 520 can engage 
significant amoimt of the blood vessel wall 620 and/or tissue 630 because the cross-section 
530' of the substantially tubular closure element 500" is expanded beyond natural cross-section 
530 of the closure element 500 during deployment. 

The distal end region 210b of the locator assembly 200 also begins to retract 

proxinially and the locator release system 490 (shown in Fig. 4D) can be activated to transition 

from the expanded state to the imexpanded state as the substantially tubular clostire element 

500" is deployed as shown in Fig. 8 J. Preferably, the distal end region 210b of the locator 

assembly 200 retracts proximally and transitions from the expanded state to the unexpanded 

state substantially simultaneously with the deployment of the substantially tubular closure 

element 500". As desired, the distal end region 210b may be configured to draw the blood 

vessel wall 620 and/or tissue 630 adjacent to the opening 610 proximally and into the channel 
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540 defined by the substantially tubxUar closure element ^uu ". ine tines dzu oi me 
substantially tubular closure element 500" thereby can pierce and otherwise engage the drawn 
blood vessel wall 620 and/or tissue 630. Since the cross-section 530' of the substantially 
tubular closure element 500" is expanded beyond natural cross-section 530 of the closure 
element 500, a significant amount of the blood vessel wall 620 and/or tissue 630 can be drawn 
into the channel 540 and engaged by the tines 520. 

Turning to Fig. 8K, the substantially tubular closure element 500", once deployed, 
begins to transition from the tubular configuration, returning to the natural, planar 
configuration with opposing tines 520 and a natural cross-section 530 of the closure element 
500. Preferably, the substantially tubular closure element 500" substantially uniformly 
transitions firom the tubular configuration to the natural, planar configuration. Rotating axially 
inwardly to form the opposing tines 520 of the closure element 500, the thies 520 draw the 
tissue 630 into the channel 540 as the substantially tubular closure element 500" forms the 
closure element 500. Also, the tissue 630 is drawn substantially closed and/or sealed as the 
cross-section 530' of the substantially tubular closure element 500" contracts to return to the 
natural cross-section 530 of the closure element 500. Thereby, the opening 610 in the blood 
vessel wall 620 can be drawn substantially closed and/or sealed via the closure element 500 as 
illustrated in Fig. 8L. 

It will be appreciated that the closure element 500" may be constructed of other 

materials, that it may comprise alternative shapes, and that it may adopt alternative methods of 

operation such that Ihe closure element 500" achieves closure of openings in blood vessel walls 

or other body tissue. In an additional non-limiting example, the closure element 500" is 

constructed of materials that use a magnetic force to couple a pair of securing elements in order 

to close an opening in the lumen wall or tissue. In this alternative embodiment, the closure 

element 500" may be of a unitary or multi-component construction having a first securing 

element positionable at a first position adjacent the opening, and a second securing element 

positionable at a second position adjacent the opening. The first and second securing elements 

are provided having a magnetic force biasing the first and second securing elements together, 

thereby closing the opening, or they are provided having a magnetic force biasing both the first 

and second securing elements toward a third securing element positioned in a manner to cause 

closure of the opening. The magnetic closure element 500" may be provided without tines 

520, provided the magnetic force coupling the closure elements is sufficient to close the 

opening. Altematively, the closure element 500" may be provided with a combination of the 

magnetic securing elements and tines 520 to provide a combination of coupUng forces. Those 

skilled in the art will recognize that other and further materials, methods, and combinations 
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may be utilized to construct the closure element 500" to aclueve me objectives aescnoea ana 
implied herein. 

It will be appreciated that the distal end region 380b of the housing 380 can be 
configured to couple with an introducer sheath 700 as shown in Fig. 9. Comprising a 
substantially flexible or semi-rigid tubular member, the introducer sheath 700 has a proximal 
end region 700a and a distal end region 700b and includes a predetermined length and a 
predetermined cross-section, both of which can be of any suitable dimension. The distal end 
region 700b is configured to facilitate insertion of the introducer sheath 700 through tissue 630 
(shown in Fig. 8 A) and/or into the opening 610 (shown in Fig. 8 A) formed in and/or adjacent 
to the wall 620 (shown in Fig. 8 A) of the blood vessel 600 (shown in Fig. 8 A) or other body 
lumen. For example, Ihe distal end region 430b can have a tapered tip (not shown) for 
faciUtating substantially atraumatic uitroduction of the introducer sheath 700 through a passage 
formed in the tissue 630 and/or at least partially uito the blood vessel wall 620, which is 
accessible via the passage. The introducer sheath 700 has an external cross-section 708b. The 
external cross-section 708b of introducer sheath 700 can be of any suitable dimension, and, as 
desired can be sized such that the introducer sheath 700 can be slidably received and advanced 
within the lumen 644 (shown in Fig. 8 A) of the sheath 640. 

The introducer sheath 700 also forms a lumen 704 that extends along a longitudinal 

axis of the introducer sheath 700 and substantially between the proximal and distal end regions 

700a, 700b. The lumen 704 can have any suitable length 708a and intemal cross-section 708b 

and is configured to slidably receive the tubular body 210 of the locator assembly 200 (shown 

in Fig. 4A) and/or the tube set 305 of the carrier assembly 300 (shown in Fig. 4A). Since the 

intemal cross-section 708b of the introducer sheath 700 typically is less than or substantially 

equal to the predetermined cross-section 338b of the cover member 330, the introducer sheath 

700 may be configured to radially expand, such as by stretching, to receive the tube set 305. 

Alternatively, or in addition, the introducer sheath 700 can be advantageously configured to 

split as the tube set 305 is received by, and advances within, the liunen 704 of the introducer 

sheath 700 in the mamier described in more detail above with reference to the sheath 640 

(shown in Fig. 8A). To facilitate the splitting, the introducer sheath 700 can include one or 

more splits (not shown), such as longitudinal splits, each split being provided in the mamier 

known in the art. Each split is configured to split the introducer sheath 700 in accordance with 

a predetermined pattern, such as in a spiral pattern. It will be appreciated that, when the 

intemal cross-section 708b of the introducer sheath 700 is greater than the predetermined 

cross-section 338b of the cover member 330, it may not be necessary for the introducer sheath 

700 to be configured to radially expand and/or split. 
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The introducer sheath 700 can be coupled witn me nousmg j»u via one or more 
cooperating connectors (not shown) such that the lumen 704 is substantially axially aligned 
with the tubular body 210 of the locator assembly 200 and/or the tube set 305 of the carrier 
assembly 300 and, as desired, maybe removably and/or substantially permanently coupled 
with the housing 380. For example, a hub assembly 710 can be provided on the distal end 
region of the housing 380b and configured to couple with the proximal end region 700a of the 
introducer sheath 700. The proximal end region 430a of the introducer sheath 700 is coupled 
with, or otherwise provided on, a distal end region 710b of the hub assembly 710, such as via 
an adhesive, one or more cooperating connectors, and/or a thermo-mechanical joint. 

The hub assembly 710 also includes a proximal end region 710a, which provides the 
one or more mating coimectors for coupling the introducer sheath 700 with the housing 380 
and forms a lumen (not shown), which extends substantially between the proximal end region 
710a and the distal end region 710b. The lumen of the hub assembly 710 preferably has an 
internal cross-section or size that is greater than the intemal cross-section or size of the lumen 
704 of the introducer sheath 700. When the proximal end region 710a of the lumen 704 is 
properly connected with the hub assembly 710, the lumen of the hub assembly 710 is 
configured to commimicate with the lumen 704 of the introducer sheath 700. As desired, the 
proximal end region 700a of the introducer sheath 700 may be flared to facilitate the 
comiection between the introducer sheath 700 and the hub assembly 710. 

When properly assembled, the hub assembly 710 preferably is substantially fluid tight 
such that the one or more devices can be inserted into the lumen 704 of the introducer sheath 
700 without fluid passing proximally through the lumen 704. The hub assembly 710 can be 
made to be watertight, such as via one or more seals (not shown) and/or valves (not shown) in 
the manner known in the art. For example, the hub assembly 710 can mclude a thrust washer 
and/or valve, a guide for directing the devices into the lumen 704 of the introducer sheath 700, 
and^or a seal (collectively not shown). The various seals and/or guides can be coupled with the 
hub assembly 710 via, for example, one or more spacers and/or end caps (also collectively not 
shown). 

As desired, the hub assembly 710 further can include one or more side ports 720. The 
side ports 720 can commimicate with the Imnen of the hub assembly 710 and/or the lumen 704 
of the introducer sheath 700. At least one of the side ports 720 can be configured to be 
connected with, and to communicate with, tubing (not shown) to, for example, infuse fluids 
into the lumen 704 and through the introducer sheath 700. Alternatively, or in addition, at least 
one of the side ports 720 can provide a "bleed back" indicator, such as in the manner disclosed 
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in the co-pending application Serial No. uy/6SU,83 /. ine oisciosiires oi tms reiercnuc auu miy 
others cited therein are expressly incorporated herein by reference. 

An alternative embodiment of the apparatus is shown in Figs. 10-15. The 
embodiment of Figs. 10-15 has many identical or similar structures that perform identical or 
similar functions to the embodiment described above and in reference to the preceding Figures. 
In the description of the alternative embodiment below, and in Figs. 10-15, components of the 
apparatus that are identical or substantially correspond to those previously described will bear 
the same reference numerals identified above with the addition of the prime (') identifier. 

Turning to Figs. 10 and 1 1, the locator assembly 200' is substantially similar to the 
structure described above in reference to Figs. 2A-D, including a flexible or semi-rigid tubular 
body 210' (such as an elongate rail) with a longitudinal axis 216'. The tubular body 210' has a 
proximal end region 210a' and a distal end region 210b' and includes a predetermined length 
21 8a' and a predetermined outer cross-section 218b', both of which can be of any suitable 
dimension. The distal end region 210b' of the locator assembly 200' preferably includes a 
substantially rounded, soft, and/or flexible distal end or tip 220' to facilitate atraumatic 
advancement and/or retraction of the distal end region 210b' into the blood vessel 600. As 
desired, a pigtail (not shown) may be provided on the distal end 220' to further aid atraumatic 
advancement of the distal end region 210b'. 

The distal end region 210b' of the locator assembly 200' further is selectably 
controllable between an unexpanded state and an expanded state, in the manaer described 
above in relation to Figs. 2A-D. In the alternative embodiment shown in Figs. lOA-B, the 
distal end region is shown in its expanded state, wherein the substantially flexible members 
230' of the expansion elements 230' are flexed outward. 

A control member 250', such as a rod, wire, or other elongate member, can be 

moveably disposed within a lumen (not shown) formed by the tubular body 210' and extending 

substantially between the proximal end region 210a' and the distal end region 210b'. The 

control member 250' has a proximal end region 250a' that is coupled with a control block 

260% and a distal end region that is coupled with the distal end region 210b' of the locator 

assembly 200% the expansion elements 230% and/or the movable end regions 230c' of the 

substantially flexible members 230' . The control block 260' is preferably of a tubular shape 

and formed of a metal or rigid plastic, and is adapted to be retained in a control block cavity 

265' (see Fig. lOB) formed on the internal surface of the housing bottom half 380d', to thereby 

maintain the control block 260' in a substantially fixed position relative to the housing 380'. 

The locator control system 240' can selectively transition the distal end region 210b', the 

expansion elements 230', and/or the substantially flexible members 230' between the 
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unexpanded and expanded states by moving ttie tubular boay ziu axiaiiy reiaiivc to luc 

control member 250\ 

Formed on the proximal end 210a' of the tubular body 210' is a tubular body block 
270' having a proximal groove 271 '. The tubular body block 270' is formed of metal, rigid 
plastic, or other substantially rigid material and is preferably formed integrally with or attached 
securely to the tubular body 210'. The proximal groove 271' and the proximal end of the 
tubular body block 270' have a shape adapted to cooperate with a pair of tabs 281a' -b' formed 
on a locator assembly block 280' whereby the tubular body block 270' is maintained in a fixed 
axial relationship with the locator assembly block 280'. hi this way, the tubular body block 
270' and tubular body 210' are advanced distally by distal advancement of the locator 
assembly block 280'. 

A locator assembly spring 290' is located coaxially with and substantially surroimds a 
portion of the tubular body block 270'. The locator assembly spring 290' is located between 
and contacts the distal side of two of the tabs 281a formed on the locator assembly block 280', 
and the proximal side of a locator assembly spring stop 381' formed on the inner surface of the 
housing bottom half 380d' (see Fig. lOB). The locator assembly spring 290' so located 
provides a force biasing the locator assembly block 280' in the proximal direction relative to 
the housing 380'. 

The locator assembly block 280' is preferably formed of metal, plastic, or other rigid 
material. A function of the locator assembly block 280' is to allow the user to apply a force 
causing distal movement of the tubular body 210' relative to the control member 250' to cause 
the locator assembly 200' to transition from the unexpanded state to the expanded state. The 
proximal end of the locator assembly block 280' has a slot 281' formed therein, the slot 281' 
preferably having a size sufficient to accommodate the control block 260' and the control block 
cavity 265 ', and to allow the locator assembly block 280' to travel axially relative to the 
housing 380'. The distal end of the locator assembly block 280' has a pak of distally 
extending forks 282a-b, with each of the forks 282a-b havuig a ramp 283a-b on its inward 
facing surface. Finally, the locator assembly block 280' has a pair of distally extending release 
tabs 284a-b, with each of the release tabs 284a-b having a detent 285a-b. 

As shown in Figs. 1 1 A-B, the locator assembly block 280' is shdably received and 
retained withm grooves formed in the proximal end of the housing 380', with the proximal end 
of the locator assembly block extending from the proximal end of the housing. The control 
block 260' and control block cavity 265 are located in the slot 281 ' formed m the proximal end 
of the locator assembly block 280'. 
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The locator release system 4y0' pertorms trie lunction oi releasing me locaior 
assembly 200', thereby allowing the locator assembly 200' to transition from its expanded state 
to its unexpanded state. Turning to Figs. lOA-B and Fig. 15, the locator release system 490' of 
tiie alternative embodiment of the apparatus includes a locator release rod 491' having a release 
tab spacer block 492' formed on its proximal end. The locator release rod 491' and release tab 
spacer block 492' are received and retained in a groove formed on the interior surface of the 
housing bottom half 380d. The release tab spacer block 492' is preferably integrally formed 
with or attached to the proximal end of the locator release rod 491', and is formed of metal, 
plastic, or other rigid material. As shown in Fig. 15, the release tab spacer block 492' has a 
shape and size adapted to fit between the release tabs 284a-b formed on the locator assembly 
block 280', thereby biasing the release tabs 284a-b outward and causing the outward facing 
detents 285a-b to engage a pair of retaining grooves 286a-b formed on the iaterior of the 
housing 380'. As long as the detents 285a-b are thus engaged with the retaining grooves 286a- 
b of the housing 380', the locator assembly block 280' is held in its axial position against the 
spring force imparted in the proximal direction by the locator assembly spring 290'. The distal 
end of the locator release rod 491 ' has an engagement member 493' that, in the preferred 
embodiment, comprises an inward bend on the distal end of the locator release rod. As 
described more fully below, the engagement member 493' on the locator release rod 491' is 
preferably positioned within the apparatus such that, when the closure element 500 is 
delivered, the engagement member 493' is engaged and caused to move axially in the distal 
direction, thereby disengaging the release tab spacer block 492' from the locator assembly 
block 280' and causing the locator assembly simultaneously to transition from its expanded 
state to the unexpanded state. 

The alternative embodiment of the apparatus 100' includes a carrier assembly 300' 
that is coupled with, and slidable relative to, the locator assembly 200'. The carrier assembly 
300' is configured to receive and retain the closure element 500 (shown in Figs. 6A-B), which 
preferably is disposed substantially within the carrier assembly 300'. When the locator 
assembly 200' engages the iimer surface 620b (shown in Fig. 8 A) of the blood vessel wall 620 
(shown in Fig. 8A), the carrier assembly 300' is ftirther configured to position the closure 
element 500 substantially adjacent to the opening 610 and to deploy the closure element 500, 
as described elsewhere herein. 

Turning to Figs. lOA-B, the carrier assembly 300' includes a tube set comprising a 
carrier member 310', a pusher member 320', a cover member 330', and a support member 
340'. The carrier member 310', pusher member 320', cover member 330', and support 

member 340' are preferably provided as a plurality of nested, telescoping members with a 

30 



wo 2004/069054 PCT/US2004/001585 

common longitudinal axis. The earner member 3 iU' is coniigurea to receive ana support tne 
closure element 500. While being disposed on the carrier member 310% the closure element 
500 preferably is deformed from the natural, planar configuration to form the substantially 
tubular closure element 500" (shown in Figs. 6F-G) as described herein. 

The carrier member 310' includes a proximal end region 310a' and a distal end region 
310b'. The carrier member 310' can also define a Itmien 314' that extends substantially 
between the proximal end region 3 10a' and the distal end region 3 10b' and that is configured 
to slidably receive at least a portion of the tubular body 210' of the locator assembly 200' 
and/or the support member 340'. Although the exterior cross-section of the carrier member 
310' is substantially uniform, the distal end region 310b' of the carrier member 310' preferably 
has a cross-section that increases distally, as illustrated in Figs. lOA-B, for substantially 
uniformly expanding the substantially tubular closure element 500" beyond the natural cross- 
section 530 of the closure element 500 when the substantially tubular closure element 500" is 
deployed. Altematively, the distal end region 3 lOb'can be formed with a imifonn cross- 
section to deploy the closure element 500 without cross-sectional expansion. 

The pusher member 320' has a proximal end region 320a' and a distal end region 
320b' and is coupled with, and shdable relative to, the carrier member 310'. The pusher 
member 320' includes a predetermined length and a predetermined cross-section, both of 
which can be of any suitable dimension and can be configured to slidably receive the carrier 
member 310' such that the distal end region 320b' of the pusher member 320' is offset 
proximally from the distal end region 310b' of the carrier member 310'. As desired, the 
predetermined length of the pusher member 320' can be greater than or substantially equal to 
the predetermined length of the carrier member 310'. The predetermined length of the pusher 
member 320' preferably is less than the predetermined length of the carrier member 310' such 
that the carrier member 310' and the pusher member 320' at least partially define a space 360' 
distal to the distal end region 320b' of the pusher member 320' and along the periphery of the 
carrier member 310'. 

The pusher member 320' preferably is substantially tubular and can define a limaen 
324' that extends substantially between the proximal end region 320a' and the distal end region 
320b' and that is configured to slidably receive at least a portion of the carrier member 310'. 
The cross-section of the pusher member 320' preferably is substantially uniform, and the distal 
end region 320b' of the pusher member 320' can comprise one or more longitudinal extensions 
325', which extend distally from the pusher member 320' and along the periphery of the carrier 
member 310'. The longitudinal extensions 325' preferably are biased such that the 

longitudinal extensions 325' extend generally in parallel with the common longitudinal axis of 
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the carrier assembly tube set. The longitudinal extensions jzd' are sumcienxiy iiexioie to 
expand radially, and yet sufficiently rigid to inhibit buckling, as the distal end region 320b' is 
directed distally along the carrier member 310' and engage the distally-increasing cross-section 
of the distal end region 3 10b' of the carrier member 3 10' to deploy the substantially tubular 
closure element 500". 

The cover member 330' is configured to retain the substantially tubular closure 
element 500" substantially within the carrier assembly 300' prior to deployment. Being 
coupled with, and slidable relative to, the pusher member 320', the cover member 330' has a 
proximal end region 330a' and a distal end region 330b' and includes a predetemiined length 
and a predetermined cross-section, both of which can be of any suitable dimension. Preferably 
being formed as a substantially rigid, semi-rigid, or flexible tubular member, the cover member 
330' has an inner periphery and an outer periphery and can define a lumen 334'. The lumen 
334' extends substantially between the proximal and distal end regions 330a', 330b' of the 
cover member 330' and can be configured to slidably receive at least a portion of the pusher 
member 320'. When the cover member 330' is properly positioned within the carrier assembly 
300', the distal end region 330b' is configured to extend over the space 360', thereby defining 
an annular cavity 370' for receiving and retaining the substantially tubular closure element 
500", 

The cross-section of the cover member 330' preferably is substantially uniform, and 
the distal end region 330b' of the cover member 330' preferably comprises one or more 
longitudinal extensions 335', which extend distally from the cover member 330' and along an 
outer periphery of the pusher member 320' (see Fig. 3D). Although the longitudinal extensions 
335' can extend generally in parallel with common longitudinal axis 350', the longitudinal 
extensions 335' preferably are biased such that the plurality of longitudinal extensions 335' 
extend substantially radially inwardly as illustrated in Figs. 3 A and 3D. Thereby, the 
longitudinal extensions 335' can at least partially close the lumen 334' substantially adjacent to 
the distal end region 330b' of the cover member 330'. To permit the substantially tubular 
closm-e element 500" to be deployed fi-om the annular cavity 370', the longitudinal extensions 
335' preferably are sufficiently flexible to expand radially to permit the distal end region 310b' 
of the carrier member 310' to move distally past the cover member 330' to open the annular 
cavity 370' such that the distal end region 330b' no longer extends over the space 360'. 

If the carrier assembly 300' is assembled as the plurality of nested, telescoping 

members as shown in Fig. 3 A, the carrier member 310' is at least partially disposed within, and 

slidable relative to, the lumen 324' of the pusher member 320'. The pusher member 320', in 

turn, is at least partially disposed within, and slidable relative to, the lumen 334' of the cover 
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member 330'. To couple the earner assembly 5W wim me locaior assemoiy zuu , tnc luouiar 
body 210' of the locator assembly 200' is at least partially disposed within, and slidable 
relative to, the Imnen 314' of the carrier member 310'. The longitudinal axis of the locator 
assembly 200' preferably is substantially in axial aUgmnent with the common longitudinal axis 
of the carrier member 310', the pusher member 320', and the cover member 330'. 

The tube set 305 preferably also includes a support member 340' as shown in Figs. 
lOA-B. The support member 340' is configured to slidably receive the tubular body 210' of 
the locator assembly 200' and to provide radial support for the distal end region 210b' of the 
tubular body 210' when the locator assembly 200' is coupled with the carrier assembly 300'. 
The carrier assembly 300' can advantageously include the support member 340', for example, 
if the tubular body 210' is not sufficiently rigid or under other circumstances in which support 
for the tubular body 210' might be desirable. It also will be appreciated that the support 
member 340' also can be configured to inhibit the plurality of longitudinal extensions 335', 
which extend firom the distal end region 330b' of the cover member 330', from expanding 
prematurely when the closure element 500 is deployed. If the longitudinal extensions 335' 
were to expand prematurely, they may become hung up on the introducer sheath 640 or other 
delivery member (in an introducer sheath or delivery member is used), the tissue 630, or the 
wall 620 of the blood vessel. This may interfere with the proper advancement or other 
movement of the cover member 330' and the carrier assembly 300'. 

Preferably being formed as a substantially rigid, semi-rigid, or flexible tubular 
member, the support member 340' includes a proximal end region 340a' and a distal end 
region 340b'. Having an outer periphery, the support member 340' can define a lumen 344' 
that extends substantially between the proximal end region 340a' and the distal end region 
340b' and that is configured to slidably receive and support at least a portion of the tubular 
body 210' of the locator assembly 200'. The support member 340', in tum, can be at least 
partially slidably disposed within the lumen 314' of the carrier member 310' such that the 
tubular body 210' of the locator assembly 200' is coupled with, and slidable relative to, the 
carrier member 3 10' in the manner described in more detail above. The support member 340' 
has a predetermined length and a predetermined cross-section, both of which can be of any 
suitable dimension, and the cross-section preferably is substantially uniform. Although shown 
and described as being substantially separate for purposes of illustration, it will be appreciated 
that the carrier member 310', the pusher member 320', the cover member 330', and/or the 
support member 340' can be provided, in whole or in part, as one or more integrated 
assembUes. 
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The earner assembly 3UU' also can mclude a Housing J5U', me xop nan :>5uc oi wmcn 
is illustrated in Fig. lOA, and the bottom half 380d of which is shown in Fig. lOB. Preferably 
being formed as an elongate member with a longitudinal axis, the housing 380' has an outer 
periphery and includes a proximal end region 380a' and a distal end region 380b'. Thereby, 
when the apparatus 100' is properly assembled, the tubular body 210' of the locator assembly 
200' is at least partially disposed within, and sUdable relative to, the tube set 305 such that the 
distal end region 210b' of the tubular body 210' extends beyond the distal end regions 310b', 
320b % 330b', and/or 340b'. The tubular body 210% the carrier member 310', the pusher 
member 320', the cover member 330', and, if provided, the support member 340' are at least 
partially disposed within, and slidable relative to, the housing 380', and the respective distal 
end regions 210b', 310b', 320b', 330b', and 340b' extend from the distal end region 380b' of 
the housing 380' such that the common longitudinal axis 350' of the tube set 305 is 
substantially axially aUgned with the longitudinal axis 386' of the housing 380'. Being 
configured to shdably retain the respective proximal end regions 210a', 310a', 320a', 330a', 
and 340a', the housing 380' supports the tube set 305 and can have one or more handles 391', 
392' to facilitate use of the apparatus 100'. The handles 391', 392' extend substantially 
radially from the outer periphery of the housing 380' and can be provided in the manner known 
in the art. 

When the apparatus 100' is properly assembled, the tubular body 210' of the locator 
assembly 200' is at least partially disposed within, and slidable relative to, the tube set 305 of 
the carrier assembly 300' such that the distal end region 210b' of the tubular body 210' extends 
beyond the distal end regions 310b', 320b', 330b', and/or 340b'. Further, the proximal end 
region 210a' of the tubular body 210' and the proximal end regions 310a', 320a', 330a', and/or 
340a' of the tube set 305 are at least partially disposed within, and slidable relative to, the 
housing 380'. The switching system of the locator assembly 200' and a switching system 450' 
of the triggering system 400' preferably are accessible external to the housing 380' as shown in 
Figs. 11-15, 

As shown in Figs. 11-15, the triggering system 400' of the alternative embodiment of 
the apparatus 100' can be disposed substantially witliin the housing 380'. The triggering 
system 400' is configured to control the relative axial movement and/or positioning of the 
respective distal end regions 310b', 320b', 330b', and 340b' of the tube set 305 and/or the 
distal end region 210b' of the locator assembly 200'. Axial motion of one or more of the 
carrier member 310', the pusher member 320', the cover member 330', and the support 
member 340' and/or the tubular body 210' can be attained, for example, by applying an axial 
force to the switching system 450'. 
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The triggering system 400' includes a set ot diock memoers - a earner diock ^lu , a 
pusher block 420% a cover block 430% and a support block 440' - each of which is formed 
integrally with or securely attached to its respective member of the carrier assembly 300'. The 
block members are adapted to selectably couple and decouple the carrier member 310% the 
pusher member 320% the cover member 330% and liie support member 340' relative to one 
another in order to provide axial movement of those components in a predetermined manner 
intended to deliver the closure element 500 in the manner described herein. For example, 
when the carrier assembly 300' reaches a first predetermined distal position, the support 
member 340' can be decoupled Jfrom the carrier member 310% the pusher member 320% and 
the cover member 330' and is thereafter substantially iiiliibited from further axial movement. 
Thereby, the carrier member 310', the pusher member 320', and the cover member 330' may 
be directed distally as the support member 340' remain substantially stationary. Subsequently, 
the carrier member 310' and the cover member 330' can be decoupled from the pusher member 
320' and thereafter inhibited from further axial movement. Thereby, the pusher member 320' 
may be directed distally as the support member 340', carrier member 310', and cover member 
330' remain substantially stationary, as described more fully herein. 

The carrier block 410' is disposed on the proximal end region 310a' of the carrier 
member 310' and includes a trigger extension 405' that extends through a slot in the housing 
380' to the exterior of the housing 380' to be accessible to the user. The carrier block 410' 
includes a pair of grooves 413a-b formed on a peripheral surface of the carrier block 410', the 
grooves 413a-b being adapted to receive and retain a pair of tabs 445a-b formed on a pair of 
forks 444a-b extending distally from the support block 440', thereby selectably coupling the 
support block 440' to the carrier block 410'. The carrier block 410' also includes a pair of 
distal tabs 416a-b extending from the distal end of the carrier block 410', and adapted to 
engage a pair of slots 423a-b formed on the proximal end of the pusher block 420'. 

The carrier block 410' also includes a pair of forks 414a-b extending in the proximal 
direction from the proximal end of the carrier block, each of the forks having an outward 
directed tab 415a-b at its proximal end. The tabs 415a-b are adapted to selectably engage a 
pair of slots 387a-b formed on the interior surface of the housing 380' near its proximal end 
and, when so engaged, to fix the axial position of the carrier block 410' - and, with it, the 
carrier assembly 300' - relative to the housing 380'. The tabs 415a-b are disengaged from the 
slots in the housing when the locator assembly block 280' is moved axially in the distal 
direction in the following manner (see Fig. 1 IB). As tlie locator assembly block 280' is 
advanced distally, the interior surfaces of the ramps 283a-b on the locator assembly block forks 

282a-b engage liie exterior surfaces of the tabs 41 5a-b and cause the carrier block forks 414a-b 
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to flex inward, releasing the tabs 415a-b tirom the slots m ine nousmg, tnereoy nreemg me 
carrier block 410' - and the carrier assembly 300' - to move axially. Thus, axial movement of 
the carrier block 410' within the apparatus is inhibited until the locator assembly block 280' is 
advanced to transition the locator assembly 200' to the expanded condition, simultaneously 
releasing the tabs 415a-b on the carrier block 410'. 

The pusher block 420' is disposed on the proximal end region 320a' of the pusher 
member 320'. As described above, the pusher block 420' includes a pair of slots 423a-b 
formed on its proximal end that are adapted to selectably engage the pair of distal tabs 416a-b 
extending from the distal end of the carrier block 410'. The pusher block 420' also includes a 
pair of grooves 424a-b formed on its peripheral surface, the grooves 424a-b being adapted to 
engage a pair of tabs 435a-b formed on a pair of forks 424a-b extending from the proxunal side 
of the cover block 430' to selectably couple the cover block 430' to the pusher block 420'. 

The cover block 430' is disposed on the proximal end region 330a' of the cover 
member 330'. As described above, the cover block 430' includes a pair of forks 424a-b 
extending from the proximal end of the cover block 430', each of the forks havmg an inward 
directed tab 435a-b that are adapted to engage the grooves 424a-b on the peripheral surface of 
the pusher block 420' to selectably couple the cover block 430' to the pusher block 420'. 

The support block 440' is disposed on the proximal end region 340a' of the support 
member 340'. As described above, the support block includes a pair of forks 444a~b extending 
from the distal end of the support block 440', each of the forks having an inward directed tab 
445a-b that are adapted to engage the grooves 413a-b formed on the surface of the carrier block 
410' to selectably couple the support block 440' to the carrier block 410'. 

The carrier block 410', pusher block 420', cover block 430', and support block 440' 
are shown m Figs. 1 1-13 in then ftiUy coupled state, with the support block 440' coupled to the 
carrier block 410', the pusher block 420' coupled to the carrier block 410', and the cover block 
430' coupled to the pusher block 420'. In this arrangement, the carrier assembly 300' 
comprises a coaxial set of tubes (as shown, for example, in Fig. 3A), with the support member 
340' sUdably retained substantially within the carrier member 310', which is in turn slidably 
retained substantially within the pusher member 320% which is in turn slidably retamed 
substantially within the cover member 330'. 

The triggering system 400' of the alternative embodiment of the apparatus includes an 
energy storing element that is used in the final stage of the closure element 500 delivery 
process. The energy stormg element, preferably a spring such as the pusher spring 425' shown 
in Figs. lOA-B and 14A-B, is substantially retained in a spring cavity 417' formed in the 

carrier block 410' and coaxially surrounds a proximal portion 310a' of the carrier member 
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310'. The pusher spring 425' is capable of expanding ana coniractmg, sxormg poienum cuoigy 
as it is contracted and releasing energy as it expands. In its fully expanded state, the pusher 
spring 425' has a length that is greater than the length of the spring cavity 417'. The cross- 
sectional dimension of the pusher spring 425' is such that it backs up against and contacts the 
proximal end of the pusher block 420' . Thus, when the pusher spring 425 ' is in place between 
the carrier block 410' and the pusher block 420', the pusher spring 425' is capable of imparting 
a force biasing the carrier block 410' away from the pusher block 420'. 

Prior to delivery of the closure element 500, the distal end of the carrier block 410' is 
m physical contact with the proximal end of the pusher block 420' . In this pre-delivery 
condition, the pusher spring 425' is in a contracted state and is maintained fully within the 
spring cavity 417' formed in the carrier block 410'. A catch member 418' serves the function 
of maintaining the carrier block 410' and pusher block 420' in the pre-delivery condition 
against the spring force of the pusher spring 425', the force of which would otherwise force 
apart the carrier block 410' from the pusher block 420'. The catch member 418' is a U-shaped 
piece of metal, plastic, or other rigid material that engages a first groove 418a formed on the 
surface of the carrier block 410' and a second groove 418b formed on the surface of the pusher 
block 420'. The pusher block 420' includes a hole 426' extending through a portion thereof, 
with one end of the hole 426' opening into the groove 418b. The hole 426' is adapted to 
receive a trip pin 427'. During the closure element deployment process, the trip pin 427' is 
advanced through the hole 426', where it encounters the catch member 418' that is retained in 
the groove 418b. Further advancement of the trip pin 427' causes the catch member 418' to 
become disengaged from the groove 418b, thereby releasing the restraining force on the pusher 
spring 425'. 

The operation of the triggering system 400' of the alternative embodiment of the 
apparatus 100' is illustrated in Figs. 1 1-14 with the closure element 500 (shown in Figs. 6A-B) 
disposed substantially within the apparatus 100'. As shown in Figs. 1 1 A-B, the apparatus has 
an initial position in which the locator assembly block 280' is extended proximally and the 

triggering system 400' is in its most proximal position. Accordingly, the locator control 
system 200' is in its unexpanded state, as shown. At a point in time that the distal end region 
210b' of the locator assembly 200' has been positioned as desired (for example, within the 
blood vessel 600), the locator assembly block 280 is depressed distally, as shown in Fig. 12, 
thereby transitioning the locator assembly to the expanded state and, simultaneously, releasing 
the triggering system 400' from the initial position (in the manner described above) such that 
the triggering system can be advanced distally within the housing 380'. 
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The triggering system 400' is then advanced distally within the housing 380% thereby 

advancing the tube set 305 into position adjacent the blood vessel. At a first predetermined 

position, shown in Fig. 13, the support block 440' encounters a support stop (not shoAvn) on the 

interior surface of the housing bottom half 380d that inhibits the support block 440' jSrom 

advancing further distally. As a result, an appUcation of additional distal force to the triggering 

system 400' causes the support block 440' to decouple fi-om the carrier block 410', as shown in 

Fig. 13. More specifically, the tabs 445a-b on the forks 444a-b of the support block 440' 

disengage from the grooves 413a-b on the carrier block 410'. Thus, the support block 440' 

remains in the position shown in Fig. 13, while the carrier block 410' is able to advance further 

distally upon application of force to the triggering system 400'. 

Turning to Figs. 14A-B, as the triggering system 400' is advanced further distally, the 
cover block 430' engages a cover stop on the interior surface near the distal end of the housing 
380', thereby inhibiting additional distal advancement of the cover block 430'. In addition, the 
trigger extension 405' engages the handle 391' on the exterior of the apparatus, thereby 
inhibiting additional distal advancement of the carrier block 410'. At this point, the distal end 
of the tube set corresponds generally to the state illustrated in Fig. 8G, prior to deployment of 
the closure element 500. 

The closure element 500 is next deployed by releasing the pusher spring 425', which 
causes the pusher block 420' (and, thus, the pusher member 320') to advance distally, 
deploying the closure element in the manner described above. The pusher spring 425' is 
released by disengaging the catch member 418' from the groove 418b on the pusher block 
420', thereby releasing the pusher spring 425' to force the pusher block 420' - and, thus, the 
pusher member 320' - distally relative to the carrier block 410'. This action causes the pusher 
member 320' to deploy the closure element 500, as shown, for example, in Figs. 8H-L. The 
catch member 418' is disengaged from the groove 418b by applying a force to the trigger 401', 
which, in the deployment position, is aligned with the trip pin 427' retained in the pusher block 
420'. A trigger spring 402' biases the trigger outward relative to the housing 380'. The user 
applies an inward directed force to the trigger 401 ' to counteract the biasing force of the trigger 
spring 402' and force the trigger 40 T against the trip pin 427'. 

hi addition to deploying the closure element 500, the distal advancement of the pusher 

block 420' also causes the locator release system 490' to activate, thereby transitioning the 

locator control system 200' from the expanded state to the unexpanded state. As the pusher 

block 420' advances distally to deploy the closure element 500' in the manner described above, 

the pusher block 420' also engages the engagement member 493' of the locator release system 

490' and advances the locator release rod 491' distally. This action causes the release tab 
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spacer block 492' to disengage Irom tiie release taos zs4a-D on me locaior assemoiy diuk^^ xou 
(see Fig. 15), thereby releasing the locator assembly block 280% which returns to its proximal 
position, causing the locator assembly 200' to retum to the unexpanded state. The closure 
element 500 deployment and locator release actions occur nearly simultaneously, as illustrated 
inFigs. 8I-K. 

As described previously, the apparatus 100 is preferably brought into contact with the 
blood vessel 600 by inserting and advancing the distal end of the apparatus through an 
introducer sheath 640 to the blood vessel location. Although preferred, the use of an introducer 
sheath 640 is not necessary, as the apparatus can be used to deploy the closure element 500 
without the use of an introducer sheath 640. Furthermore, as describe above, when an 
introducer sheath 640 is used, the locator assembly 200, 200' and the carrier assembly 300, 
300' may have cross-sectional dimensions that allow them to be received within the introducer 
sheath 640 either without causing radial expansion or spUtting of the sheath, or with causing 
radial expansion or splitting of the sheatli. If the relative cross-sectional dimensions of the 
introducer sheath 640 and carrier assembly 300, 300' are such that the introducer sheath 640 is 
intended to be split during advancement of the carrier assembly 300, 200', a sheath cutter 701' 
having a pointed tip 702' may be utiUzed to initiate a split at the proximal end of the introducer 
sheath 640. The sheath cutter 701' is advantageously placed coaxially over the cover member 
330' and is attached to the distal end of the housing 380' (see Figs. 1 1 A-B), whereby it will 
initiate a split in the introducer sheath 640. Distal advancement of the carrier assembly 300, 
300' causes the initial split at the proximal end of the sheath to advance as the carrier assembly 
300, 300' advances, as will be understood by those skilled in the art. 

The invention is susceptible to various modifications and altemative forms, and 
specific examples thereof have been shown by way of example in the drawings and are herein 
described in detail. It should be understood, however, that the uivention is not to be limited to 
the particular forms or methods disclosed, but to the contrary, the invention is to cover all 
modifications, equivalents, and altematives falling within the spirit and scope of the claims. 
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CLAIMS 

What is claimed is: 

1 . An apparatus for delivering a closiire element to an opening formed in a wall of 
a body limien or body tissue, comprising: 

a backing member having a distal end region configured to extend into said opening 
and to selectably engage said wall of said body limien or said body tissue adjacent to said 
opening; 

a carrier assembly coupled with said backing member, said carrier assembly 
comprising a carrier member retaining said closure element in a substantially tubular 
configuration within said carrier assembly, and a pusher member adapted to deploy said 
closure element; and 

an energy storing member associated with said carrier assembly, said energy storing 
member adapted to cause relative motion between said carrier member and said pusher 

member; 

wherein said closure element is configured to engage at least a portion of said wall of 
said body lumen or said body tissue whereby said opening is drawn substantially closed. 

2. The apparatus of claim 1, wherein said energy storing member comprises a 

spring. 

3. The apparatus of claim 2, wherein said spring is disposed substantially between 
said carrier member and said pusher member. 

4. The apparatus of claim 3, wherein said spring is substantially disposed in a 
cavity located on one of said carrier member or said pusher member. 

5. The apparatus of claim 3, further comprising a catch member adapted to 
selectably maintain said carrier member in proximity to said pusher member against a spring 
force imparted by said spring. 

6. The apparatus of claim 5, further comprising a trigger selectably engageable 
with said catch member, said trigger adapted to cause said catch member to release said spring. 

7. The apparatus of claim 3, wherein said backing member comprises a locator 
assembly that is selectably controllable between an unexpanded state and an expanded state for 
engagiug said wall of said body lumen or said body tissue, 

8. The apparatus of claim 7, wherein said distal end region of said locator 
assembly includes an expansion element configured to expand substantially transversely with 
respect to a longitudinal axis of the locator assembly. 
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9. llie apparatus ot claim wherein said expansion element comprises a plurality 
of substantially flexible members each having a substantially fixed end region fixedly coupled 
with said distal end region of said locator assembly, an intermediate region, and a movable end 
region movable coupled with said distal end region of said locator assembly such that said 
intermediate regions are configured to expand transversely outwardly when said movable end 
regions are axially moved toward said substantially fixed end regions. 

10. The apparatus of claim 9, wherein said locator assembly further includes a 
locator control system coupled to a proximal end region of said locator assembly, said locator 
control system being configured to selectively control said distal end region of said locator 
assembly between said expanded state and said unexpanded state. 

1 1 . The apparatus of claim 3, wherein said carrier assembly comprises a carrier 
member for receiving and supporting said closure element in said substantially tubular 
configuration, a pusher member for distally deploying said closure element, and a cover 
member for retaining said closure element, said carrier member, said pusher member, and said 
cover member being slidably coupled. 

12. The apparatus of claim 1 1, wherein said carrier member, said pusher member, 
and said cover member are provided as a plurality of nested, telescoping members with a 
common longitudinal axis. 

13. The apparatus of claim 12, wherein said carrier member defines a lumen, said 
distal end region of said locator assembly being substantially axially aligned with, and at least 
partially slidably disposable within, said lumen of said carrier member. 

14. The apparatus of claim 13, wherein said distal end region of said carrier member 
has a cross-section that increases distally for expanding said closure element to a cross-section 
that is greater than a natural cross-section of said closure element. 

1 5 . The apparatus of claim 1 4, wherein said distal end region of said pusher 
member includes one or more longitudinal extensions extending distally and being configured 
to expand radially as said distal end region of said pusher member moves distally and engages 
said distally-increasing cross-section of said distal end region of said carrier member. 

16. The apparatus of claim 14, wherein said distal end region of said cover member 
includes one or more longitudinal extensions extending distally and being configured to expand 
radially. 

17. The apparatus of claim 11, wherein said carrier assembly fiirther includes a 
support member being slidably coupled with said carrier member, said pusher member, and 
said cover member and being configured to provide radial support for said distal end region of 
said cover member. 
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l"8. ' The apparatus of claim 17, wherein said carrier member, said pusher member, 
said cover member, and said support member are provided as a pluraUty of nested, telescoping 
members with a common longitudinal axis. 

19. An apparatus for delivering a closure element to an opening formed in a wall of 
a body lumen or body tissue, comprising: 

a backing member having a distal end region configured to extend into said opening 
and to selectably engage said wall of said body Ixmaen or said body tissue adjacent to said 
opening; 

a carrier assembly coupled with said backing member, said carrier assembly 
comprising a carrier member retaining said closure element in a substantially tubular 
configuration within said carrier assembly, and a pusher member adapted to deploy said 
closure element; and 

means associated with said carrier assembly for causing relative motion between said 
carrier member and said pusher member; 

wherein said closure element is configured to engage at least a portion of said wall of 
said body lumen or said body tissue whereby said opening is drawn substantially closed. 

20. The apparatus of claim 19, wherein said backing member comprises a locator 
assembly that is selectably controllable between an unexpanded state and an expanded state for 
engaging said wall of said body Ixmien or said body tissue. 

21 . The apparatus of claim 20, wherein said distal end region of said locator 
assembly includes an expansion element configured to expand substantially transversely with 
respect to a longitudinal axis of the locator assembly. 

22. The apparatus of claim 21, wherein said expansion element comprises a 
plurality of substantially flexible members each having a substantially fixed end region fixedly 
coupled with said distal end region of said locator assembly, an intermediate region, and a 
movable end region movable coupled with said distal end region of said locator assembly such 
that said intermediate regions are configured to expand transversely outwardly when said 
movable end regions are axially moved toward said substantially fixed end regions. 

23 . The apparatus of claim 22, wherein said locator assembly fiirther includes a 
locator control system coupled to a proximal end region of said locator assembly, said locator 
control system being configured to selectively control said distal end region of said locator 
assembly between said expanded state and said unexpanded state. 

24. The apparatus of claim 19, wherein said carrier assembly comprises a carrier 

member for receiving and supporting said closure element in said substantially tubular 

configuration, a pusher member for distally deploying said closure element, and a cover 
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member for retaimng said closure element, saia earner memoer, saia pusner mcmocr, aiiu fsaiu 

cover member being slidably coupled. 

25 . The apparatus of claim 24, wherein said carrier member, said pusher member, 
and said cover member are provided as a plurality of nested, telescoping members with a 
common longitudinal axis. 

26. The apparatus of claim 25, wherein said carrier member defines a lumen, said 
distal end region of said locator assembly being substantially axially aUgned with, and at least 
partially slidably disposable within, said Imnen of said carrier member. 

27. The apparatus of claim 26, wherein said distal end region of said carrier member 
has a cross-section that increases distally for expanding said closure element to a cross-section 
ttiat is greater than a natural cross-section of said closure element. 

28. The apparatus of claim 27, wherein said distal end region of said pusher 
member includes one or more longitudinal extensions extending distally and being configured 
to expand radially as said distal end region of said pusher member moves distally and engages 
said distally-increasing cross-section of said distal end region of said carrier member. 

29. The apparatus of claim 27, wherein said distal end region of said cover member 
includes one or more longitudinal extensions extending distally and being configured to expand 
radially. 

30. The apparatus of claim 24, wherein said carrier assembly further includes a 
support member being sUdably coupled with said carrier member, said pusher member, and 
said cover member and being configured to provide radial support for said distal end region of 
said cover member. 

3 1 . The apparatus of claim 30, wherein said carrier member, said pusher member, 
said cover member, and said support member are provided as a plurality of nested, telescoping 
members with a common longitudinal axis. 

32. A method for closing an opening formed in a wall of a body lumen or body 
tissue, comprising: 

extending a backing member througli an elongate tubular member into said opening 
such that said backing member engages said wall of said body lumen or said body tissue 
adjacent to said opening; 

positioning a distal end region of a carrier assembly through said elongate tubular 
member adjacent to said opening, said distal end region of said carrier assembly being 
configured to retain a closure element substantially within said carrier assembly; and 
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releasing an energy storing memoer to aepioy saia closure element ixom ssaiu earner 

assembly such that said closure element engages at least a portion of said wall of said body 

lumen or said body tissue whereby said opening is drawn substantially closed. 

33 . The method of claim 32, wherein said energy storing member comprises a 

spring. 

34. The method of claim 33, wherein said carrier assembly comprises a carrier 
member retaining said closure element in a substantially tubular configuration within said 
carrier assembly, and a pusher member adapted to deploy closure element, and said spring is 
disposed substantially between said earner member and said pusher member. 

35. The apparatus of claim 34, wherein said spring is substantially disposed in a 
cavity located on one of said carrier member or said pusher member. 

36. The apparatus of claim 34, further comprising a catch member adapted to 
selectably maintain said carrier member in proximity to said pusher member against a spring 
force imparted by said spring. 

37. The apparatus of claim 36, further comprising a trigger selectably engageable 
with said catch member, said trigger adapted to cause said catch member to release said spring. 

38. The method of claim 32, wherein said elongate tubular member is an introducer 

sheath. 

39. The method of claim 32, wherein at least a portion of said elongate tubular 
member expands radially during said positioning step. 

40. The method of claim 32, wherein no portion of said elongate tubular member 
substantially expands radially during said positioning step. 

41 . The method of claim 32, wherein at least a portion of said elongate tubular 
member splits during said positioning step. 

42. The method of claim 32 wherein at least a portion of said elongate tubular 
member splits as a result of said positioning step. 

43. The method of claim 32, wherein said closure element is retained in said carrier 
assembly in a substantially tubular configuration. 

44. The method of claim 43, wherein said closure element substantially uniformly 
expands to a cross-section that is greater than a natural cross-section of said closm-e element 
during said deploying step. 

45. The method of claim 43, wherein said closixre element maintains a substantially 
uniform cross-section during said deploying step. 

46. The method of claim 43, wherein said closure element transitions to a natural, 

planar configuration during said deploying step, 
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47. The method of claim 32, wherein said earner assemoiy is siiaaoiy coupiea wiiii 

said backing member. 

48. The method of claim 47, wherein said backing member comprises a locator 
assembly having a distal end region adapted to extend into said opening and to selectably 
engage the wall of the body lumen or the body tissue adjacent to said opening. 

49. The method of claim 48, wherein said distal end region of said locator assembly 
is selectably controllable between an unexpanded state and an expanded state for engaging said 
wall of said body lumen or said body tissue. 
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